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PREFACE

In July 1989 the President submitted to Congress . his
Administration's proposals for revising the Clean Air Act. One
major component of his plan is the Clean Alternative Fuels
Program. This program would replace a portion of the motor
vehicle fleet in certain cities with new vehicles that meet
stringent air emission limits operating on clean burning fuels
such as methanol, ethanol, compressed natural gas, ligquefied

petroleum gas, electricity, and reformulated gasoline.

This report, released Dby EPA, is one in a series of
reports that will discuss the economic and environmental issues
associated with each of these fuels. The Environmental
Protection Agency will prepare reports on the candidate fuels
according to the following schedule. ‘ '

Fuel _ Fihal Report
Methanolg released September 1989
Compressed Natural Gas released April 1990
Ethanol | released April 1990
Liquefied Petroleum Gas to be released later in 1990
Electricity : to be released later in 1990
Reformulated Gasoiine after receigt:of formulation

The ordering for these reports does not represent any
preference by the Administration, but 1is the result of the
status and availability of the information and research needed
to prepare the reports.

The economic and environmental analyées contained in <this
and the other reports assume the full implementation of the
President's Alternative Fuels Program.
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EXECUTIVE SUMMARY

This report discusses aspects of ethanol use as '‘a motor
vehicle fuel at high ‘concentrations (e.g., 85%-100%) in place
of gasoline. Lower level ethanol mixtures (10% ethanol and 90%
gasoline) are already widely used. In fact, about 7.5% of
gasoline sold in the United States currently contains ethanol
at this level. This represents an annual ethanol production of

840 million gallons.

Ethanol has a number of properties which would make. it a
good motor vehicle fuel. Its octane is higher than gasoline
which, - together. with other fuel properties, means vehicles
could be designed for improved efficiency (about 30% greater) .
Its vapor pressure is much lower which would result in lower
evaporative emissions but would result in increased cold
starting difficulty with either .100% hydrous (i.e., ethanol

- containing 5% water) or anhydrous ethanol. Its flammability is

also lower which should help result in decreased number and
severity of vehicle fires. Anhydrous ethanol, as currently

‘used in low level blends, would be required to help prevent

phase- separation if the ethanol 1is to be used in flexible
fueled vehicles where the ethanol fuel could occaslionally be
mixed with straight gasoline. However, in vehicles dedicated
to the use of high level ethanol fuels (e.g., 85%-100% ethanol)
it may be possible to use hydrous .ethanol, which requires
slightly less cost and energy to produce. . ‘

About 95% of the fuel ethanol currently used in the United
States comes from corn. Corn is converted to ethanol by either
the dry-milling or wet-milling processes. The dry-milling
process involves milling the grain but not. separating its

_components before the "mashing" process forming ethanol. This
process yields distillers dried grains with solubles as a side

product which is a common animal feed.” The wet-milling process
(accounting for about 67% of the ethanol. produced) -involves
separating. the corn into its major - components. - The starch 1is
then converted into- ethanol. -The by-products from wet-milling,

- are more valuable than those from dry-milling.

Undér;éﬁ3exﬁandédjfﬁel ethanol  program as considered in
this report the wholesale cost range for - ethanol produced from

" corn is projected to range from $1.00 to $1.50 per gallon.

The effects of increased corn ethanol production on farm

" product prices, farm income, and Federal farm programs such as

the Department - of Agriculture price support program are
relevant considerations in formulating national policy on fue!
ethanol, but are not addressed in depth in this report. The
effect of increased ethanol use on tax revenues is also an
important consideration. When ethanol from renewable resources
is used in ethanol/gascline blends of at least 10% ethanol, the
blend is exempt. from $0.06 per gallon of the $0.09 per gallon







~gasoline .excise; tax, which in effect provides a subsidy of
$0.60 per gallon of ethanol. At 85% ethanol blend levels this
would not provide the depth of subsidy needed for ethanol

. production to be profitable. There is a blenders income tax
credit that provides a subsidy of $0.60 per gallon of ethanol
.regardless of  the' ethanol content of the fuel.  Without.

subsidies 'such as .these, ethanol could not compete with
' 'gasoline. at current or most projected prices. S

. 'Ethanol can also be made chemically from either ethylene
" or with more processing, ethane. Furthermore, ethanol can be
made ' from non-food biomass such as 1lignocellulosic material
from trees, dJgrass, waste paper, and cardboard.. ~Ethanol made
from these sources is presently much more expensive than that
made from corn; estimates range from $1.35-$2.40 per gallon
‘according to information reported by the Department ‘of Energy
(DOE). - DOE has . ongoing research that may eventually -provide
improved technology for the conversion of biomass to ethanol.
This research is working toward a 1long-term future goal of
producing ethanol for $0.60 per gallon (plant gate cost,
including capital recovery) without government subsidies. This
‘goal is based on reducing feedstock costs from $3.00-3.25 per
dry ton to $2.00 per ton. This depends on research success to
improve average wood yields on selected test sites to 9-12 dry-
tons per acre per year from the approximate 7 tons per acre
currently achievable. 'In addition, it depends on. research . to
improve crop genetics and large-scale cultivation. While the
long-term future cost of ethanol using these new technologies
is highly uncertain, DOE is confident that research will result

" in significant cost reductions compared to the current cost of

using cellulosic resources to produce ethnol, which is about
$1.35 per gallon. DOE is continuing to Wwork on future
technologies that will improve the yield rate, the rate and
concentration of the ethanol process, and lower the enzyme cost
through biotechnology. as well as on system optimization and
scale-up - testing.[3-19,20] " EPA has not independently .
considered whether the $0.60 cost is a realistic estimate, and
- EPA is aware that a number of organizations ‘and. experienced

' observers are unconvinced that it is realistic. == -
The only  other country with a signif icant ethanol -fuel .
-industry .is Brazil. which makes ethanol from sugar ‘cane at. an
“annual production rate about six times that in the U:S. Brazil

. is currently experiencing ‘a substantial shortage of ethanol

‘because -sugar -cane production from which ethanol is produced
has not- matched the market demand for the fuel.  Government
planners have not been able to match ethanol supply with demand
~ resulting - in'- shortages of . ethanol at the pump and .irate
consumers.  Brazil is now attempting to import ethanol to meet
demand. In addition, the high 'subsidy cost of the program to
Brazil has contributed to budget problems. - : ' -

Ethanol is presently shipped by tanker truck, rail,. or

barge and not by pipeline. In the long term, ethanol could" be
shipped by pipeline, but some ‘initial added costs would Dbe

ii







1ncurred to clean out and modlfy certaln p1pe11ne hardware for
compatibility with ethanol. .. Ethanol shipping costs are

" estimated to be about $0.06 per gallon ‘for a neat.ethanol
~ supplied to major ‘ozone’ non-attainment areas, which compares to
- "about-. $0. 03 'per gallon ‘for - gasoline supplied to. these areas.

- However, ' ethanol has ' an- energy content’ of 67% that of
gasol1ne{¢- ‘Counting " both transportatlon and service .station -
| mark-up, the actual pump price of ethanol not including a $0.60
- per gallon' Federal "tax’ subsidy’ projected. to be about

"'$1.28-1.30 per gallon when ethanol has a .plant-gate price of

$1.00 per gallon. ' This price would be $1.78-1.80 per gallon’

'."wlth an . ethanol plant—gate -price 0f $1.50 per gallon. These

"~ values do not include. the -30% efficiency 1mprovement for

o ;,vehlcles optlmally‘de51gned for 100% ethanol. :Incorporating a
.7 factor for this improvement and ‘for-the lower ‘energy content of -

" ethanol compared to -gasoline~ (67%), the’ "gasollne—equlvalent

“”ifiethanol ptice becomes .$1.47-2.07 per gallon: for. the $1.00-1.50 .

1':per gallon ethanol plant«gate prlce w1thout sub51dy

LU Due’ to the 30% 1ncreaseéL eff1c1ency poss1b1e Wlth neat.
'fethanol compared- to gascline, use of optimized vehicles fueled
~with neat. (or less so with near neat) ethanol should allow use

“* of ' smaller, - lighter.. enigines,  and lighter. suspen51on/body
. ‘components all of. whlch will " tend  to decrease ‘vehicle costs.

However, fuel system modifications for- neat ' or- near-neat-

‘- -ethanol might would tend to increase costs. " Cold starting with
“neat. ethanol at -~ low temperatures would requlre solutions

‘' similar to those needed.for neat methanol (e.g., separate fuel

fﬁ,tank uszng gasollne or ‘propane- just for cold start or a direct
- fuel injection system) " EPA ‘assumes the savings and increases

. _“ethanal  in vehicles:
;,relatlve‘ ‘reactivity. - of. . the,g ‘projected
.. -ethanol- fueled vehlcle em1551ons T'versus -t

‘will' balance - out to  zero with no overall cost difference
between" future ‘optimized neat ethanol vehicles and - gasoline
- vehicles. _Flexible-fueled. = vehicles though ' require a
'ffuel—sensor and do not have all the cost. savings possible with
" a neat "ethanol vehlcle.m EPAeassumes an extra cost. of $150 -300
.f~for a flex1ble—fue1ed vehlcle ‘ Lot o , N

ﬂexpected,tv em t more " ethan01A

hydrocarbons are not-. dramatxcally dszerent
an ”gasollne—fueled veh" C ‘

];any U.S. c1ty exlstwa1nvolv1ng '85-100%
JHowever, 1t is possible to-calculate the
composition = of
- L with .gasoline.
- Some-- prellmznary calculatlons have been dorje: by Ford Motor

. Company .. and” ‘suggest - about.’ equivalent - ozone beneflts from:

“" modeling studze'

e :vehlcles fueled with ethanoi and methanols

' lll

Coae . . e -,

S ,lev”wlth “some






o Use of neat ethanol-fueled vehicles is expected to result
in substantial air toxics bénefits. For example, benzene is

twAprOJected ~to account for.. about. 20% of the . carcinogenic

-emissions- from gasoline vehicles in 2005 assuming that gasoline

-lis not ‘reformulated to reduce toxic benzene emissions, while

'combustlon,ifmethanol fuel is expected to produce 1nszgn1f1cant-

‘ﬁ;(zf any) b‘nzeneh,, ‘Similarly, ethanol 1is not’ -expected .to

f3p¢0duce any “significant _1,3-butadiene, - polycycllc organic -
‘matter. (POM), or gasol:ne refuellng vapors, all of. whlch.have a

' substantial carc1nogen1c impact. - However, - as _ mentioned

M',prev1ously; ethanol = fueled “vehicles - are- expected to. emit -

=.formaldehyde at a rate perhaps slightly greater than a gasoline

“."vehicle, although; less than- that of a 51m11ar1y englneered o

(3f1methanoI vehxcle f?ﬂ

Carbon dlox1de is a major "greenhouse gas"'uhioh'results

,1vg}f3_-°m gasollne combustlc;n Wlth ‘ethanol, to the degree that it

~ig derlved ~from vegetatlon (i.e., trees  or agricultural

apfoducts) the reabso:ptzon of the carbon can be. as fast:.. as. it

.is “emitted, f;resultlng in no net increase 1in.':CO;- in "the
“atmosphere.. However, about 7.4 -million BTU of f05511 fuels-are’

", currently used to grow one ‘acre of corm,: 1nc1ud1ng fertilizer,

rff#pestzczdes. and grain’ drylng. "Fossil fuel is- also used in the.
. production  of ' ethanol . from - that corn. - There “some . -

a*controversy on- the- quantltzes of these fossil fuel’ requlrementS'

J””and ‘thus ' the resulting €0, impacts. Newer ethanol plants are.

"sxgnlflcantly' ‘more efficient:-than older plants.; Con51der1nq‘=
the: amount of. energy usegd. for .a newer plant (40,000 BTU per
- gallon- ‘of . ethanol), it would be quite feasible: to achzeve a net
CO; benefit of :about’ 21-22% ‘with incremental use of  .ethanol

J'fﬁcompared to. gasol1ne If- ‘¢ellulosic biomass --is. used as ‘a
- feedstock 1nstead of - corn. -even .lower energy 1nput ‘per. gallon

Tois pos51b1e, and the . energy. could be derived’ from portlons of

"i the blomass rather than from a fosszl fuel

_Substanl“ally 1ncreased >corn productlon £o: addztlonalv
m ..

‘side effects (e effects on._'fw*‘”

however,;







" euch as a river spill located very near a drinking water supply
intake, ethanol may indeed contaminate a . water supply that
. would have escaped contamination by a petroleum fuel. | ,

"~ Leaks .‘into underground water are a potentially greater
concern with all fuels because of the more restricted dilution.

~conditions ‘that can exist.  Also, while bacteria are present in
soil and underground water supplies, they are sparser than in .
the ocean and surface waters., Ethanol and petroleum fuels have.
- different hydrological effects  in soils and may - -migrate
" downward at different rates, providing more or less time. for .’

. evaporation instead. ' Once in contact ‘with the water ' table,
-ethanol will  tend to mix and dilute more. quickly than a
" petroleum fuel and to biodegrade more quickly, although there
- may be a zone in which the ethanol concentration is too high
- for biodegradation to occur. - If ethanol reaches a drinking
- water well, there is 1little health risk since consumption of
drinking water with low levels of ethanol should not be acutely
toxic, with the possible exception of fetuses -‘and pregnant
.women, . S e - : B L DU

- "Ethanol, 1like 'all: combustible fuels such- as gasoline,
‘poses a potential human safety risk from vehicle fires.
. Ethanol's low volatility, relatively high lower flammability.
. limit, and low vapor density relative to gasoline cause it to
be much less likely to ignite in an open area. following & spill .
. of fuel or release of vapor. In addition, once it does :ignite,
ethanol's low heat of combustion and high heat of vaporization
cause it to burn much more slowly, releasing heat at roughly
one-fifth the rate of gasoline. However, ‘these same combustion
properties. cause ethanol to ‘be in the flammable range- inside
fuel storage tanks- under -normal ambient temperatures, while
 gasoline is virtually' always too rich to ignite. Fortunately,
precautions can be taken to prevent either flammable vapor/air
‘mixtures = from forming in. storage . tanks (e.g., nitrogen
blanketing, bladder tanks. floating roof tanks). or 'to prevent
ignition - sources’ from = entering  "the tanks (e.g., -~ flame.
" arresters, removing  or: modifying in-tank electrical devices)
.. thereby mitigating - any— additional risk. .These -actions will

. increase. .costs.  Alsd,- ethanol tends to burn with'.a visible

~ 7. as"gasoline

“£lame (much more visible than methanol but not guite as visible -

| Z.rMost  gasoline ‘ingestion§ episodes are ‘due to adults
attempting: to "siphon 'gasoline' from a vehicle, or_ ‘children’
~ drinking ‘from small-containers of gasoline intended for use in
- small - household engines: or for .degreasing. _Ethanol-fueled
vehicles can be equipped with devices to prevent siphoning (and
the same-device 'could serve as a flame arrester). Ethanol fuel
. storage in' homes should be rare, since household engines will
not run on ethanol ‘and ‘ethanol. would not be a good degreaser.
' Also, ingestions of several ounces of pure ethanol would not be -
- harmful to  most adults although it would be of concern for a
~ child. However, the.. denaturant may be “toxic,. and it - is
. important for the denaturant. to ‘have an unpleasant taste and

smell to discourage ingestion. o C I o







Despite the presence of the denaturant, fuel ethanol may
be deliberately or mistakenly added to beverages. Incidences
with methanol were common in the past in the U.S., and-
bootlegbeverages made with ethanol fuel could be of health
concern due to the denaturants. Unsophisticated users may not
understand the risk posed by the denaturant or may mistakenly
believe they have removed or neutralized it. Consumer
education is needed; and as stated above, it is important for
the denaturant to have an unpleasant taste and smell to
discourage ingestion.







1.0 INTRODUCTION AND GENERAL CONCEPTS

In 1988, U.S. production of ethanol for wuse as a motor
fuel blend was about 840 million gallons. &s such, ethanol 1is
the highest-volume alternative, i.e., non-petroleum motor
fuel. ‘It is also the only non-fossil, and therefore at least
in part renewable, liquid fuel in commercial use. If this”
volume of ethanol had been used only in its pure form rather
than as a blending agent, it would have been enough to fuel
almost a million vehicles, which is far more than the number of
vehicles operating on other alternative fuels such as
electricity, methanol, CNG, LNG, propane, Or LPG.

Currently, however, there are no U.S. vehicles regularly
operating on neat or near-neat ethanol.* Rather, the ethanol
produced domestically, and a small quantity of imported
ethanol, 1is splash blended into gasoline at 10 percent
concentration. This allows the ethanol to be used by vehicles
originally ' designed to operate on gasoline. Sales of
ethanol-gasoline blends, . or gasohol, . are  geographically
non-uniform due largely to availability of state specific tax
subsidies. Gasohol's market share is low in the large urban
areas of the East and West Coasts. In many Midwest markets,
gaschol comprises about 30 to 40 percent of sales where states
provide significant subsidies in addition to the Federal
subsidy. Overall, the U.S. market share is about 7.5 percent.
Ten years ago it was essentially zero. The market share has
been relatively stable over the past two or. three years. This
level of use is a result of the $0.60 per gallon Federal
subsidy costing about $500 million per year plus state
subsidies ranging up to $0.40 per gallon and totalling roughly
'$160 million per year. These subsidies are needed because the
current cost of ethanol is over two times that of gasoline on
an energy equivalent basis, and thus it is not economically
competitive with gasoline. - '

Ethanol production and its use in motor vehicles in the
form of gasohol have been the subject of numerous .studies.
political debates, and legal proceedings over the ‘last. ten
years, because of the many areas of public policy that are
involved: agricultural, energy security, highway funding,
environment, tax, budget and economic costs, foreign trade, and
interstate commerce. The more important Federal studies are
listed 1later 1in this report. Due to all this existing
documentation on gasohol, this report will not address the use
of these blends. : ‘

* Pure ethanol will be referred to as 'neat"” ethanol or
"E100", and if blended with small quantities of gasoline
will be referred to as "near-neat" or for example “E85".







it should be noted, however, that a potential expanded use
of ethanol is in reformulated gasoline, where ethanol could be
used at low concentrations directly or as ETBE (e.g., 10% by
volume for ethanol or possibly up to 22% for ETBE). A Federal
subsidy of $0.60 per gallon of ethanol would be needed since
ETBE is not economically competitive with MTBE, which is the
other oxygenated high octane component most likely to be used
-in reformulated gasollne Ethanol would prov1de needed octane
and oxygenation, and in the case of ETBE it would also provide
pipeline fungibility and aid in RVP reduction. - This
“application of ethanol is more appropriately addressed in a
study of reformulated gasoline, which is planned to be done
after specific reformulation(s) have been determined. -

This report focuses not on gaschol, 'but rather on the
potential use of neat (i.e., 100%) ethanol (referred to ‘as
E100) or near-neat ethanol (e.g., E85) in vehicles specifically
designed for operation on ethanol or alcohols in general. ' Such
potential use is briefly mentioned in some of the past studies
that emphasized gasohol, but no comprehensive analysis relevant
to the 1990's and later timeframe has been published. Tris
report is reasonably comprehensive in that all considerations
currently known to be important are addressed to some degree or
at least mentioned. However, it is not meant to be a thorough
review of all the relevant literature, nor is it a complete de
novo analysis of issues on which the literature is inconclusive
or out of date.

The followlng paragraphs prov1de a conceptual context for
the remaining sections cf this report.

It 1is necessary to recognize that there are several
possible scenarios as to how ethanol could be used as a motor
vehicle fuel. The cost and other impacts of these scenarios
may differ from one another. On the fuel side, fuel-grade
ethanol can take several forms. The most "natural" form would
be hydrous ethanol, the mixture of 95 percent ethanol and 5
percent water that results from distillation of a fermented
liquid. This, usually with 3% gasoline as a denaturant, has
been the form of ethanol most widely used in Brazil, at least
up until a recent ethanol supply vs. demand shortfall, to which
the Brazilian government has responded by adding 5% gasoline tb
the ethanol/water mixture as well as importing ethanol. In the
U.S., hydrous ethanol would always have to .be denatured by
adding poisonous or unpalatable ingredients to distinguish it
for tax purposes from beverage ethanol.

A vehiclé designed to operate on hydrous ethanol could
differ from a gasoline vehicle in several respects (in some
respects it would have to differ). Because of the lower energy
content of ethanol, the fuel delivery system would have to
deliver more fuel per engine cycle. Attention would also have

O
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to be paid to material compatibility, although ethanol does not
pose any particular difficulties 1in this regard, since.
materials changes would be no dgreater than (and in some cases
would be less than) those needed for methanol vehicles.
Because of ethanol's higher octane, the compression ratio would
be higher than with gasoline, . resulting in greater fuel
efficiency and power density. Ethanol's combustion properties
(e.g., flame speed) would also 1increase efficiency and power.
Combustion temperature and therefore ox:._des of nitrogen (NOx)
formation are expected to be lower with ethanol than with
gasoline. The water content of hydrous ethancl also works to
control NOx formation. This creates the possibility that a
fuel efficient lean-burn ethanol engine could meet  the current
1.0 gram per mile NOx emission standard, and perhaps even a

more stringent standard, without catalytic aftertreatment for

NOx. (For NOx limits of 1.0 gram per mile or lower, gasoline
engines require catalytic aftertreatment for NOX, which in turn
dictates 1ess fuel efficient. operation at stoichiometry.)
There could or would also have to be other less significant
differences in emission control system design, for example the
distance between engine and catalytic converter.

As will be discussed in the next section, pure hydrous
ethanol has a very low volatility, too low to allow a vehicle
to be reliably started if the starting system on the vehicle 1is
of the sort now used on gasoline vehicles. 'In Brazil, ethanol
_vehicles have a separate smaller gasoline tank for starting

and operating until warm enough to tolerate the low volatility |
ethanol. Other approaches for cold starting hydrous -
ethanol-fueled vehicles are also possible. One would be to use

a gaseous fuel such as propane, LPG, or CNG instead of gasoline
as the starting fuel. With sufficient development, it would
also be possible to rely on engine hardware entirely, such as

direct injection with glow plugs rather than a second starting '

fuel.[1,2]

Another approach to cold starting would be to blend the
ethanol with a second, more volatile fuel such as gasoline or a -

low molecular weight hydrocarbon. If enough volatility 1is
added, a vehicle with a conventional starting system can be

reliably started on the ethanol mixture. This would be the:

ethanol equivalent of "M85," a mixture of 85 percent methanol

and 15 percent gasoline. It would also make it simpler to-
design a flexible fuel vehicle (FFV) that can operate on.

gasoline or ethanol. In fact, the many FFV prototypes already
produced with M85 as the intended alternative fuel could
operate on a mixture of gasoline and ethanol if the mixture
were volatile enough. The next section examines what mixture
would have enough volatility. S







One complication of a gasoline/ethanol mixture is that
under certain .conditions of temperature and gasoline content
the ethanol portion must be water-free, or anhydrous.
Otherwise the ethanol and gasoline will not stay mixed. This
requires an additional dehydration process after distillation,
which necessarily adds to plant investment and operating cost.
(Ethanol used now in gasohol blending is anhydrous.) There is
no reason vehicles could not be specially designed for
anhydrous rather than hydrous ethanol, but there is no strong
reason to incur the additional cost of dehydration unless the
ethanol will be blended with a substantial percentage of
gasoline (e.g., over 30% gasoline) or another non-polar liquid.

Transition and application issues are important in any.
consideration of an alternative fuel such as neat or near-neat
ethanol. There are some applications in which ethanol fuel and
dedicated vehicles designed to operate only on ethanol can be
introduced together, such as. in dedicated delivery fleets.
Such fleets are or could reasonably be refueled at a small
number of new ethanol refueling facilities. For the general
vehicle population, operators are accustomed to being able to
refuel virtually anywhere. This requires the availability of
ethanol at a significant fraction of retail gasoline stations
and/or the ability of ethanol vehicles to operate on gasoline
(or another widely available fuel) when ethanol 1is not
available, i.e., a flexible fuel ethanol vehicle. Widespread
availability of ethanol would pose an overhead cost per vehicle
in the early years of a transition, when relatively few ethanol
vehicles are on the road. This transition cost issue would
also exist with any alternative fuel other than reformulated
gasoline. It would be more of an issue with ethanol than, say.
methanol, in that the supply of ethanol from corn will be more
constrained and variable since it would be dependent on levels
of agricultural production that can vary widely with the
weather. .

As stated earlier, an FFV designed for M85 can also
" operate on an ethanol-gasoline blend if the vapor pressure of
the blend is within the seasonal range contemplated by the FFV
designer. Other FFV concepts are also possible. A neat
ethanol vehicle with special cold starting hardware (either a
second fuel or a special cold start approach) could rather
easily be produced in FFV form so that it could also operate on
gasoline or mixtures of gasoline and ethanol. Because of the
possibility of encountering in-tank mixing of fuels, any FFV
must use anhydrous ethanol.

Any vehicle designed to be able to operate on any
combination of gasoline, ethanol, or ethanol-gasoline mixtures

would entail some performance or cost compromises. For
example, unless some costly means of providing variable
effective compression ratio 1is used (e.g., turbocharging with

variable boost according to fuel), compression ratio. must be







. set to accommodate the. lowest octane fuel expected, or

" significant spark timing retard must be used on the lower
octane fuel, hurting fuel -economy and power. Fuel tank
capacity will be either somewhat oversized on gasoline or
somewhat undersized on ethanol. - Various engine and emission
control components may need to  be dupl;cated .or otherwise
compromised in. performance oOr increased in cost. For these
reasons, in order to take full advantage of ethanol as a fuel
it would be necessary to design vehicles to be dedicated to
ethanol, or at least to alcohol fuel more generally. This is
true for both neat alcohols, and alcohols blended with a higher

“volatility component. ' :

. The more important advantages ‘of a dedicated ethanol
vehicle over an FFV include lower first cost due to elimination
of gasoline-capable components (e.g., fuel type sensor), fuel
efficiency, dJenerally less ozone potential from exhaust
emissions, and less evaporative and refueling emissions. On
the other hand, FFV's have the advantage of greater fuel
availability. Also, if all the usable fuels are available in
high RVP form such as E85, vehicles designed for such fuels
would have the advantage of a less expensive means of low
temperature starting than dedicated E100 vehicles or FFV's

.desighed to be able to start on E100. ' '

while alcohol-dedicated vehicles would be superior to

flexible fuel vehicles for performance and emissions, they do

not necessarily have to be dedicated to a particular alcohol.

Because of the different stoichiometric ratios of different
alcohols, some special features are needed for a multi-alcohol

vehicle that would not be needed on a vehicle designed for a.
particular alcohol. For example, the same fuel type sensor
used in M85 FFV's to distinguish gasoline from M85 (and
 mixtures between the two) could distinguish methanol, ethanol,

and other alcohols well enough to allow for multi-alcohol
capability. Other approaches might also be possible. The
major cost difference from dedicated M100 vehicles would be the
fuel sensor just mentioned plus possibly a more costly 1low
- temperature cold starting system for E100 capability.

o The production of. vehicles with multi-alcohol capability
might make B 'several ' scenarios theoretically possible that
otherwise would be more difficult to achieve because of scale
or transition problems. A detailed assessment of the costs is
not available. Methanol might be more economic than ethanol on
the east and west coasts, but ethanol with federal and state
subsidies might be more competitive in Chicago. The Chicago
'vehicle market might be too small to support the production of

special ethanol-dedicated vehicles. But  if . all or most
‘methanol vehicles were ethanol compatible, Chicago may prefer
ethanol instead of methanol. Alse, multi-alcohol. vehicles

might be purchased by government fleets and fueled with neat







‘erhanol in corn belt states, or such states might offer local
subsidies large enough to make ethanol fuel attractive even to -
private ~users. Another scenario would be that some or all =
areas begin with only a methanol fuel supply system, but
ethanol would face no '"chicken-or-egg" market entry barrier if’
production  economics shift in its favor or if public policy

. changes “to. more strenuously promote ethanol due to its.
renewability or other ~aspects not presently. valued by the
‘market. Pipelines, barges, tank cars, tank trucks, storage-

~ tanks, and vehicles could be switched from methanol to ethanol
virtually overnight. : . : L

; If multi-alcohol capability by vehicles were accompanied -
by a requirement for availability of both methanol and ethanol .
fuel in the same area, there would be costly duplication of

~supply infrastructure. ' ' :

‘As a final note, there may be some engine types for which
flexibility between ethanol and methanol would not be readily. .
feasible. For example,.the carbon-carbon bond in ethanol might

_present a smoke/socot problem in certain engine. designs that
would not have such a problem with methanol. S

It must be noted that while a vehicle can be designed to
operate on a range of alcohols with good driveability and fuel’
economy on all, its emission characteristics will tend  to be
dependent on the particular alcohol being used. Even more. sc,
an FFV that can operate on gasoline or alcohol may have very
different emission characteristics on the two fuels. -

. peen done in Brazil, those vehicles are not representative of
what would exist in the U.S., since the emission control:
technology in use there. is equivalent to early 1970's U.S.
technology. In the United States much more vehicle development
has been undertaken for methanol than for ethanol.- Section 2
_discusses the properties of ethanol and the degree to which the .

. methanol development results are applicable to ethanol in light

of the.similarities inﬂthelrrengineering=prgperties. Ce

. ‘Sections 3 and 4 of this report then discuss the. economic .
_and environmental considerations - raised by the various
scenarios outlined above. - L T

Although a good bit of ‘ethanol vehicle development has - '
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20 PROPERTIES OF ETHANOL

"‘ Ta’ble:"z—l 1151:5 the propertzes of" ethanol relevant to its =
7a’fuel along. Wwith those of methanol and typical gasoline . -
son.  Whereas gasoline -is.a mixture: of hundreds of

y_drocarbon compounds w1th a wide range of 1nd1v1dual'{ »
prcpertres ~ethanol -and methanol are smgle component WIth

--def:.ned propertles e T

’ n' Flgure 1, the vapor pressure of’ ethanol-:is ~: ~
Iower o than gasoline;. ~and about ‘half - .thatv - of-

methanol [1,2]1 + The low vapor~ -pressure’ . of - ‘ethanol TN
_Wlth the’ h:.gh heat of vaponzat:.on (about. 2/3 that- of methanol) .
‘relative _to . gasolxner ,v.me-'ans; hat- low temperature .startability ..
- = and drlveablhty would: requlre vehlcle and/or - fuel modification .
to -a-—-similar  -—ar. ' ‘greater . extent than . -a . methanol ° -
T vehrcle [Z 3,41% This: could 1nclude approaches such ae “‘intake’
.gystem: -heaters, auxiliary startup- ‘fuel’ systems with ‘propane.or -
’ r;_,gasolme, hzgher volat;l:.ty fuel  additives (e.g... qasolme) or.
C .- use .of & ‘different -engine-. eencept “such  as; direct: injection: - :
7 13,5-81. . It also: raises - the- potent1al -for-... even lower::i;i'
evaporat:we and runnzng I ss emi sslons than wlth‘meth nol

In the case - 5 us:.ng only fuel mod:.f:.catm

hardware changes to 1mprove the -cold startability o T
. some insight. into. poss:ble ‘solutions.can be’ gamed by ccmp :

“it ‘to_the methanol case. As._one. specxflc ‘point of  compa 3.

' M85 - made w:.th 15%‘ 9.0 psi j'R,VF qasohne provxdes, an

. -.roughly-. 8 0 p51 ‘" Using- 0 psi gaseline ~woul . h

advantage that it~ could be the same. gasehne in. general‘ 7
gasollne fueled vehicles; = however, to: achleve-,,, ‘RVP: of 8.0

- psic in- ethancl ‘would regquire-40% of a 9. 0 ps1 RVP: gascllne, but ..
thls 1s not - envisioned as -a realistic: solution sinc .t would
much of . the potent:al beneflts ‘of 7 ethano ' o

‘use- 1! -a.higher RVP gasoline

rbut:.onf' problems

" dynamic £ n -
‘ean: combust:.on llmrt'
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‘pbeing able to use the dgenerally available lower RVP- - ' 3

- 'In fact, due 'to the very low RVP of ethanol, a ,;gsoglaisr?ehg\eré

- greater than 15 psi may be needed for an E85 fuel. Another
-approach could be to use a high RVP blending component .such as
.butane or . isopentane, which might be more plentiful with the

reduced -gasoline RVP limits. In the case of isopentane, a
final RVP of 8.0 psi could be achieved by adding roughly 7.5%

- isqpentaﬁe to ethanol or 4.5% isopentane to methanol.[1].

. "It has been technically demonstrated by the Nebraska .
. Ethanol Board that under summer conditions a lower. RVP EB85 fuel

made from commercial gasoline of roughly 9.0-9.5 psi can

provide * adequate - startability in at . least certain vehicle

.. designs. The final RVP of this fuel was not measured but
should have been below 8.0 psi. The vehicle used had been

retrofitted from gasoline rather than being a vehicle designed
and optimized for ethanol operation. This, of course, is not a .
complete market based test over a range of consumers, driving

. ~conditions and vehicles.

. The heating value (energy content) of ethanol is about 2/3
that of gasoline and 1/3 greater than methanol. Since other
-combustion related properties (e.g., .high octane, high heat of
vaporization, and lean combustion capability) would- allow

efficiency improvements similar to those of methanol, a given -

- vehicle operating range (miles per tankful) could be obtained

with a smaller fuel tank than with methanol. Alternatively, in-

‘the case of an FFV, a given fuel tank size would allow a
. greater operatingrange on ethanol than methanol. e a

' The flammability 1limits and vapor pressures of ethanol
indicate that a combustible mixture of ethanol in air would
exist over the same temperature range as methanol. Therefore,
‘it is expected that a flame arrester would be called for on ‘the
fuel tank fill neck of a neat ethanol vehicle as with methanol
vehicles to prevent ignition from a spark or flame entering the
£ill neck. However, in Brazil flame arresters have not been

.~ - used, and no problems have been reported. (It is not known how
... systematically.:
.. collected ‘and: 're

“ reports - ‘of . any problems . would have : been

. :'issue is the possibility of ignition from a source .inside the
T s “a - spark from an in-tank electric fuel pump ‘and

- SR ti electrical  charge. _ Again, -Brazil - has. not
.. reported:‘any- problems of this type., but in general Brazilian
vehicles 'are -carbureted- rather than ‘fuel injected, and in-tank

~ ‘fuel pumps:are only used with fuel injected vehicles.. . Another
possible factor in this flammability question is that alcohol

“ “fuels. have a much higher electrical conductivity than gasoline

_and are thus less .prone to build up static charge. This could
result in.a lower tendency to ignite than is suggested by their

-* £lammability limits. . In the case of E85, the volatility would.
be high enough to avoid a combustible mixture over a wide

' temperature range.- . .

ported.) . Another aspect of the flammability i

4
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Methanol (M100) and ethanol (E100) should have nearly the
same low tendency to ignite if spilled. If ignition were to
occur, it is uncertain which type of fire would produce more
damage. The higher energy density, higher luminosity, and
lower heat of vaporization would tend to make ethanol burn
hotter, brighter, and faster than methanol, but the lower vapor
pressure would have the opposite effect. The net effect of
these factors is not known, but as with methanol the rate of
heat release should be much less than with gasoline.

Based on references and a small EPA ' in-house experiment
burning small amounts of different f£fuels, the luminosity of
neat ethanol is much better than methanol.[3] Although it 1is
not as visible as gasoline, it does burn with a bright orange
- flame rather than the blue flame of methanol, and it is visible
enough that no luminosity additives may be required.
Additional luminosity might come from the additives that would
be called for even if the low temperature driveability problems
are handled without fuel modification. For instance, since
ethanol in its drinkable form is subject to beverage taxes, a
denaturant would be needed to make it undrinkable. Then, 1if
the denaturant itself 4id not modify the smell and taste of the
fuel, some additive would be needed to make the fuel
smell/taste bad enough to deter attempts at consumption.

Water tolerance is an issue that must be considered when
mixing ethanol or methanol with gasoline. Depending on the
temperature, alcohol content, water content, and gasoline
 formulation, a mixture of alcohol and gasoline can phase
separate, which results essentially in one phase containing the
ethanol and water with the - second phase consisting of

gasoline. The water tolerance of a given ethanol gasoline
blend can be considered as the temperature below which, or the
water content above which, phase separation begins. This 1is

mainly a concern when considering FFV's, where a variety of
fuels could be used.. This is discussed more fully in section
'3.1.1.3 in connection with the use of hydrous versus anhydrous

ethanol.

Regarding emissions, the high heat of vaporizétion; low

flame temperature, and lean combustion capability of ethanol,

as with methanol, result in a potential for lower NOx emissions
than with gasoline. A NOX standard of 1.0 g/mile may be able
to be met using a lean air:fuel calibration without a 3-way
catalyst, but lower standards such as 0.4 or 0.2 g/mile would
be more difficult to meet and could require a more costly
solution similar to gasoline vehicles. The quantity of
volatile organic exhaust emissions and ozone forming potential
of ethanol fueled vehicles are expected to be similar to those
from similarly engineered methanol vehicles. Section 4.0
provides the details of this.

-10-
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The lower volatility of neat ethanol relative to neat
methanol would tend to produce even lower evaporative
emissions. M85 and E85 of similar volatility would not
necessarily produce similar evaporative emissions. Since the
E85 would require a higher vapor pressure gasoline to operate

in the same type of vehicle, the evaporative emissions would -

have a higher proportion of gasoline vapor than with M85.
Furthermore, if a cold-start system is used that uses a second
fuel such as gasoline, there would be added potential for
evaporative emissions from it. The expected effects of these
factors on ozone formation- are discussed in section 4.1.

~-11-
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Fuel Prbpertiesr

' Table 2-1

Vapor Pressure, péi @100°F
Vapor Pressure, psi @l1sF
Vapor Pressure, psi @46?
Lower Heating Value, BTU/gal
Research Octane

Motor Octane

Heat of Vaporization, BTU/gal
Specific Gravity |

Boiling Point (°F)

Molecular Weight

éfams Carbon/gél '
Stoichiometric A/F Ratio |
-Flammability Limits (vol%) .
Flash Point (°F)

Auto Ignition Temp (°F)

- Ethanol

2.5
3.2
0.4
76,000
111
92
2380
0.789
173
'46.07
1558
9.0
3.3-19
55
423

Methanol

13390

0.796
148
32.04
1124
6.5
6.7-36
52
464

Gésolihe
8-15 (RVP)
12.5% |
3.1%

114,000

91-98

83-90
930
0.70-0.76

- 80-400

100-105
2421
14.5
1.4-7.6

-45

257

* For typical 9.0 psi RVP gasoline, per ASTM Handbook.

-12-







‘!l-llllllllll..eill

06/01/¥ . 4 .S:.Eon&o 1
002 081 091 ovi 02! 00} 08 09 ov 02 0
ek Y A ] A A A | A A 5. 1 PRI A i A A i ] 4 A A 1 A A A 1 A A L (] e a A i A A8

£660 =2 (x2-65281°1\01 . 62171 0=4

joueyly e

6660=2wd (x2-96/81 1)v0i . 8G¥iC0 =

e

B , . [oueyldN o

‘ainssald Jodep

-13-

isd

joueyig pue Joueyiay
JHNLVHIdNIL SA 3HNSSIHd mOn_<>

1-2 wu:mam






s

ks

o

ke

[N

FT VORI haublaslsh

Alcohol Fuels; May 28-31, 1979.

References Cited in Section 2

"A Motor Vehicle 1Powerp1ént for Ethanol and Methanol
Operation," H. Menrad, 1III - International Symposium on.

“Volatility Characteristics of Gasoline-Alcohol ~ and

' Gasoline-Ether Fuel Blends," Robert L. Furey, GM, SAE

Paper 852116, October 1985.

‘“Ethanol Fuel Modification for Highway Vehicle Use - Final

Report," U.S. Department of Energy, Report ALO-3638-T1,

~July, 1979.

"Vapor Pressure and Weatherability of Blends of Methanol
and Ethanol with Gasoline," A. L. Titchener, D. Hyde, and
A. Hoskin, VII International Symposium on Alcohol Fuels,

October 20-23, 1986.. v : _ v

Statement of Work, EPA Contract 68-C9-0002, “Glow Plug
Ignited Direct Injection M100 Vehicle," Project Officer
Robert I. Bruetsch, start date January 1, 1989.

Statement of Work, EPA Contract 68-C0-0007, "Spark Ignited
Direct Injection Methanol Vehicle," Project Officer Robert
I. Bruetsch, start date March 1, 1990: ‘

"The Use of Ethanol from Biomass as an Alternative Fuel in
Brazil," H. Hertland, H. W. Czaschke, and N. Pinto, 1II

International Symposium on Alcohol Fuels, 1977.

"Aspects of - the Design, Development and Production of
Ethanol Powered Passenger Car Engines," F. B. P. Pinto, VI
International Symposium on Alcohol Fuels, May 21-25,
1984, T :







3.0 ECONOMIC ANALYSIS OF ETHANOL

3.1 Domestic Production

3.1.1 Fermentation From Grain-

- '3.,1.1.1 Previoué Fedgral Studies

: There are three major comprehensive studies that have been
done by the Federal government on use of ethanol as a motor
'fuel examining its economic and environmental aspects. These
. studies were used to provide input for this report as

appropriate.’ - , R ,

1. "Fuel Ethanol and Agriculture: An Economic Assessment,"
' U.S. Department of Agriculture, August 1986.[1] ‘

2. "Fuel Ethanol Cost-Effectiveness Study." Final‘Repott of .
the National Advisory Panel on Cost-Effectiveness of Fuel
Ethanol Production, November 1987.[2] . ; :

3. "Ethanol - Economic and Policy Tradebffs,“zU.S.ADepartment
" of Agriculture, January 1988.(3] : o ,

Copies of the execut;ve'summaries of the latter two more recent
reports are included in Appendix A. .

_ A fourth reference is the August 23.[1989 Department of
Agriculture press release titled "Ethanol's Role in Clean
air."[4] . : v :

3.1.1.2 -Current U.S. Ethanbl Production

Table 3-1 shows the amount of domestic ethanol produced
~and ‘used as a fuel blending agent from 1980 through 1988.

" Table 3-1

f Domestic Ethanol Used as Fuel

Fuel Ethanol

Calendar Year (million gallons per vear).
1979 - o ' ‘ 20 -
1980 : e 40

"1981 K - 75
1982 : 210
1983 : ‘ 375
1984 I 430
1985 R - 625
1986 . - : . - 750
1987 - 825
1988 ' i about 840
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Introduction of neat or near-neat ethanol for new vehicles
in certain areas of the country would require an expansion of
this production by roughly a factor of two for approximately a
‘million vehicles ‘unless- some of the current production were

- diverted. ~ Expansion beyond this number. of vehicles would

;%rrequire_,co;:espondingly larger expansion- in' the amount of
:}ethanoljpfcduced.‘ While there is already a significant amount

" of ethanol being - produced for blending with. gasoline -in '10%

ethanol  mixtures,. ethanol  usage as a primary fuel in a large

. portion of in-use vehicles would require a sizable expansion of
- supply. Production of ethanol at '3 times the current level
.. would ‘support . a  fleet. of about- 5,000,000 vehicles; at
L gsteady-state{ this would correspond to annual -sales of about
. 500,000 vehicles. At this level about 20% of the total current
- U.S. corn - production would be “used. The  .Department of
"Agriculture has  stated in  its August 1989 press release

" ‘mentioned above that increaSes'inhethanol-production exceeding

4 to 5 times cu:rent'levéls*would:beginfto tax agricultural
‘resources,and,place.upward pressure on grain prices, thereby

‘increasing the cost of ethanol (and food).. ' "

' While it would be fair to say that the limit of production

. from grains is not well defined, as ethanol demand increases
“relative to corn. supply. ethanol supply and/or . food. prices

would become more vulnerable to temporary shortages in corn-

supply, such . as due .to weather. For.example, in 1988, :U.S.
~ corn production. declined - by ~over 30 percent because of . the
drought, while: ethanol production jncreased about 2 percent

" from - the previous. year in part due to stockpiled corn. In

1983, corn production dropped by about 50% from 1982 levels due

 7pértial1yAto,greate:kgovernment'landrdiversion incentives that. -

year and“partially:to.drought.,-Sharp'deglines in production of

. corn could result in major ethanol shortages for fuel purposes
© which must be carefully considered in evaluating ethanol as a

- fuel. However, the use of stockpiles of either corn or ethanol
'would~mitigate,suchrefféctsrby in ‘effect averaging production

“fluctuations ovef?seve;al;yeats,valthough{there‘may be a large

st associ d with ¢ rating a;truly adedquate stockpile. - The

4QSDAn,assuming'~at

ab§ Tt $ Z3L'per bushel per

~about: »U.2
gallon of  ethanol)[6]
ative uses of the corn. .

‘a ter

7 ‘§ﬁ§;§nh§ar6US:Ethanoi}.:ﬁ,;fﬂi

_ethanol-gasol: lenc ~ » :
. virtually . water=-free- (i.e., . anhydrous, " 199 proof, Dbefore
“@dditionysof»'an¥kaEnatu:ant):",‘Howeverrq>this"maY not be

'nQQESQa:y,fot;neat’éﬁhanol-vehiéles,1and<;here is a potential

6iinéf*biéhdSX*(eggi, '10% ethanol or gasohol) s

bervecbnomicfand;enérgyfbenefitSﬂif ethanol production cou.c.

_"end with -hydrous ‘ethanol = (5% ‘water) -rather than continue
- through the,final:dehydrgtiop“step ;cfyield‘;nhydrous ethanol.

at. $0.02-.06 per .
. [5] Stockpiling

but would maintain. .

‘udsed in ~ making  current - low " level
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The reason anhydrous ethanol is necessary in low level
blends is the poor water tolerance: of gasoline-ethanol blends

- . at low ethanol concentrations. A very small amount of water in
- such. blends can cause phase separation, . in_which the water

" pulls most of the ethanol out of "solution from the gasoline

- resulting in two layers or phases’ ‘of liquid in the fuel tank.
One of the phases is almost pure gasoline, but the other phase

.. is basically a mixture of water and ethanol, 'which a vehicle
* - cannot-operate on and -which can accelerate rust formation. - D B

. 7 In the case of neat or near neat ethanol - there would be
either no: ~gasoline. or - only enough ‘gasoline “to . provide
.. 'volatility for . cold ‘startability.. Water tolerance  data “have . ...
been. collected - by the Department: of Energy ("Ethanel Fuel . ..
Modification for Highway Vehicle  Use") at 68°F -forl the full
. . range: -of ethanol/gasoline/water. - blends.[7]1 At = this -
| temperature, hydrous. ‘ethanol (190 proof, 5% water) could be
-mixed with up to about '80% . gasoline before phase ‘separation |
_ would begin. -However,: lower temperatures are known to decrease
-water tolerance. . . . . T A S

oo o7 some -limited watet tolerance test data for mixtures ‘of up -
to 79% hydrous. ethanol with gasoline at temperatures down to
0°F -have been - supplied to. EPA ' by .the. ‘Renewable = Fuels -

_As_sociation,.[s-]j, ‘According to these data, 79% hydrous ethanol
. (E79) would have no phase separation. down - to -Q°F, and: by
B .ext;apolation] greater ethanol concentrations would provide.
/tolerance at even lower temperatures. Another reference-that - .
tends to support this conclusion was provided by GM, but: covers
- ethanol concentrations only up to 40%:.[(9] In this study at 0°F

- (=18°C) ‘a- mixture of  40% ethanol 'and 60% gasoline could.
tolerate 0.95% water, and the tolerance was increasing greatly
with increasing ethanol ‘concentration. Therefore, 'E95 and even

, E85 - probably . have sufficient water tolerance to ‘allow use of
- 'hydrous (5.0% water) ethanol even at temperatures below 0°F. =

s ethanol-is’ used in’ the majority.

Which could be fusled vith gasoline .

drouis ‘ethanok would need to be “used. = The reason ~
S ) s follows. LI£ hydrous . ethanol (5.0% water) were .. -
. used to create an E85 fuel, the resulting water content would
"~ be 4.25%:.+1f straight gasoline. were- then .added - to. this in the -
fuel tank-of an FFV to di lute the ‘ethanol to a concentration of.
40%, -the water content would be '2.0%, which .is _above the 0.95%

S0 L. Yimit Tat 0°F. . ‘Therefore,  in - mild parts. of - the country or
ST ‘dliring summer months ‘there would probably not. ‘be. any -problem,

~ 'but in colder weather there could ‘be-a ‘problem . with phase L
__s‘feg_,aratiqn ‘of hydrous ethanjo‘l::.when used in ,m's e ot







) Another issue  to Dbe considered regarding - the use of ™
" hydrous ethanol would be maintaining separation of hydrous and '
‘anhydrous -ethanol 1in the distribution system, - since -only
- anhydrous would be acceptable for use in 'low level ethanol:
‘blends. . This -is presumed . to be feasible -in the U.S. since = .
- Brazil now does it. Also, in the near term, any use of hydrous .
_or . anhydrous - ethanol  will involve special handling since .
. pipeline companies will not currently ship it. Since this is
~ already the case with the anhydrous ethanol used in 10% ethanol
.blends;fthevonly’additional'precaution needed for handling of
- hydrous ethanol would pe clear labeling to keep it from being
. mixed - with anhydrous ethanol. or with gasoline. In the long .
- term, if pipelines carry ethanol, they will need to be cleaned
and  made water-free regardless of which type of ethanol is
carried. In fact, once this was done, an occasional shipment
of hydrous ethanol could be used to help keep the system free
of . water. In Brazil it has been found that when -shipping
“hydrous ethanol in a gasoline pipeline, a shipment of anhydrous
. ethanol should be- scheduled at both ends of the hydrous
shipment to avoid phase separation at the interface of the
‘hydrous ethanol and gasoline.[9] o : =

S Same very preliminary analyses have been done concerning:

~_ the - potential cost and energy savings associated with

. production of hydrous versus anhydrous ethanol. ‘Traditionally,

_ the "dehydration of hydrous to anhydrous ethanol-is done with a
process. called azeotropic distillation, which involves ‘the -~
addition of a hydrocarbon such as benzene or cyclohexane to the
ethanol/water mixture followed by a £inal -distillation.
Leaving out this step could save roughly 3-6 cents per gallon
of ethanol, including savings in both. operating costs' and.
,capital’costs.tlc,lll. There are many factors influencing this
value, such as plant size and configuration, corn price, labor

- rates, interest rates, etc. An added benefit of. being able to
neglect this final distillation step would be to decrease the

» fossil fuel use and thus improve the net global ‘warming effect
e -of ethanol fuel use. - : ‘ ' . :

;,jr.Ai.mbréﬁngéﬁéntfﬁaéhydsgtionv,technoloqy'lused,»by"Archerf"r,‘ v
‘Daniels Midland.  (ADM)'in .all its ethanbl*plants“makesAusefOEj;; SR
: cqrnfgrips,togadscfﬁfthe;water]outxof the hydrous ethanol.[12, :

E qu;,Theigrité*;reSthen;recycled by driving off the water with
-a hotfinert,gaSay,ADM.estimatesfthis p:oceSS'topyield a total -
' cost 'savings of 2-3 cents per gallon over the -traditional .
azeotropic “distillation.[14] Another ‘dehydration technology
that is just -~starting to_ be implemented involves the use of =
molecular sieves.[15] This is considered most cost - effective
for - ethanol plants- -smaller than those operated by ADM.
7 Therefore, when comparing the costs of hydrous versus anhydrous
.- ethanol . for .plants already. utilizing  either of these new
. technologies, the savings will be less than if the traditional
dehydration azeotropic technology is assumed. - -
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3.1.1.4 Corn and Ethanol Production Economics

Each bushel of corn yields .about 2.5-2.6 gallons of
‘ethanol. Either of two Pprocesses is used to convert corn to
ethanol. : : ‘

The first is the dry milling process which involves
milling the grain but not separating its components before the
"mashing” process. Starch in the mash 1is converted to sugar
and then to ethanol by the action of yeast. The dry milling
process also yields distillers dried grains with solubles

(DDGS), a common protein animal feed. . Current technology .

yields 16.5-17.5 pounds of DDGS from a pushel of corn. In some
plants the carbon dioxide from fermentation is also trapped and
sold for industrial or beverage uses, but this 1is not a
universal practice.[12]

The second process is the wet milling process which
accounts for about two thirds of the ethanol produced. In wet
milling, corn 'is first separated into its major components
(germ which can be dried separating out the oil, fiber, gluten,

and starch). The starch is then converted into either ethanol
or high-fructose corn SYrup (HFCS) depending on the relative
market demand -and price of each. The - former is usually

produced more in the winter and the latter in the summer when
demand is high for HFCS. Also, as with dry milling plants, the
carbon dioxide produced from fermentation is sometimes captured
for sale.[12] Wet milling plants also produce higher value
byproducts such as corn gluten feed and meal. As a result of
their broader product mix these plants have more marketing
flexibility than dry milling plants. Wet milling is generally
more complex and capital intensive than dry milling.

corn and byproduct prices are important factors 'in
determining ethanol costs; about 95% of the fuel ethanol
produced in the U.S. comes from corn, with most of the rest
coming from other agricultural products such as milo (grain -
sorghum), wheat, barley as well as food and industrial wastes.
It is expected that at either current or expanded production
volumes, most fuel ethanol will continue to come from corn for
at least the next 8-10 Yyears due to cost factors. The corn.
crop has beéeen about 7-8 billion bushels a year for the past few
years except in 1988 when production dropped to less than 5
billion bushels due to a severe drought. About 325 million
bushels of this has gone to fuel ethanol each year. According
to the 1988 Department of Agriculture report, corn prices have
varied from $1.95-3.16 over the six year period from 1981
through 1986.[3] Current prices are $2.30 per bushel. The"
1989 Department of Agriculture press release states that for
increases in ethanol production up. to about 3 billion gallons
per year, each additional billion gallons would increase corn
prices by about $0.08-0.28 per -bushel assuming no major
drought. (4] :
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gxpanded ethanol production would have differing effects
on different segments of the agriculture industry. Corn
growers may experience higher jncomes. Livestock producers who

feed corn would experience increased costs, while those using
byproduct feeds. would have lower costs. It. is not clearcut

- what will happen to soybean fa:mers,'since corn yields about

the same amount of high protein feed per acre  as soybeans.
'Soybean producers whose land is not suitable for corn could be
hurt by competition from ethanol byproducts. As long as some
;soybean»producers can switch to corn, the soybean meal supply
.'will decrease, thus mitigating the drop in soybean meal prices
that would occur if more corn were produced without .any drop 1n
50ybean,production. L

The 1988 Department of Agriculture report cites net corn
costs (excluding the value of by-products) equivalent to $0.56
per gallon of ethanol for a six year average (1981-87) for a
wet-milling plant.[3] The costs for a dry-milling plant are
somewhat higher at $0.60 per gallon. This report also cites
net operating costs excluding corn for ethanol plants in 1987
to be $0.47 per gallon including .energy., ingredients (other
than corn), personnel, maintenance. management, administration,
- insurance, and taxes. The cost decreases to $0.38 per gallon
for a "state of the art" plant. An existing state of the art
plant can therefore produce ethanol at a marginal cost of about
$0.94 per gallon. The 1989 Department of Agriculture press
release cited figures ranging from $0.85-1.20 per gallon.[4]
The 1988 Department of Agriculture report cited the lower range
of the cost to be $0.75 per,gallon,,butrthat was for a year in
which byproduct prices were unusually high and corn costs were
‘especially low (e.9.. $1.40 per bushel), and neither of these’
conditions are expected. in a scenario of = greatly expanded
ethanol production.[B] Current wholesale market prices for
ethanol are about $1.00 to $1.20 per gallon, which translates
to a cost of $1.33-1.60 -per gasoline—equivalent gallon
(neglecting any efficiency improvement with ethanol). Current
wholesale gasoline prices are about $0.50-0.60 per gallon.

. In some cases cost savings may be possible from favorable
plant siting for new plants, but where ethanol plants are added
to existing wet or dry mills, the savings due to use of
existing corn,processing,facilities are much greater than those
due to favorable siting (one would expect corn mills to be
located near. inexpensive corn anyway). Factors to consider
include access tO raw materials, labor availability, site cost.
‘and’ availability of transportation for plant products. Also,
energy prices and the ability to conserve energy (e.g., such as
in process ‘control and ~waste heat utilization) are very

- important, as are technology improvements.
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include alterations in the yeast Str

‘many high value

_ market prices are not necess

1 for commercial viability
ain used for fermentatlon

and use of membrane technology to separate solubles., which
could allow 40% of the water to be separated prior to
distillation (thus reducing the energy required). Also, - the
constituents of the mash in an ethanol plant reportedly include

_amino acids, fine chemicals, etc. Just -as
alue of petrochemical

New technologies having potentia

gascline prices have been reduced by the v ] _
output from the same parrel of crude used to make gasoline, 1t
is . reasonable. to expect that technological advances in
separating these high value products from the mash might reduce

net - corn costs and therefore ethanol costs. However, such new

technology might also be applicable to and have a cost’

advantage with other complex mixture feedstocks, so it 1is
uncertain that cost reductions will occur. Furthermore, with
continued research in the utilization of cellulosic fiber, this
part of the corn byproducts could also be converted into a
commercial product. - Despite these cost reducing factors,
arily established by  the lowest
cost suppliers, so a large portion of - the ethanol. produced
would need to take advantage of advances such as these for it

to have a large impact on market price.

~ Estimates of the‘production cost from new plénts built to
satisfy a 1large "expansion of fuel ethanol use are  rather
uncertain, in part Dbecause of the interaction with. corn and

.. byproduct prices. According to USDA analyses a 4-5 fold

increase .in production is estimated to increase ethanol costs

by about 40%, with a minimum cost of $1.00 per gallon.[3,16]
- Reference

[3] gives an upper range cost estimate for ethanol
from new medium-large plants of average efficiency to be about
$1.50 per gallon for a corn cost of $2.50 per bushel. Higher
oil costs, greater demand for corn oOr increased supply cof
byproducts would tend to raise this cost, while improved plant

'efficiency or expanded extraction and marketing of byproducts

such as  human grade DDG would tend to counteract these cost
increases. Based on this information, this report will assume
a wholesale cost range of $1.00 to $1.50 per gallon of ethanol

" derived from corn.

- In the past years, 2 number of small ethanol ‘plants have
been shut. down because even with the Federal subsidy, and in
some cases a state subsidy, they were not economically viable.
Although .capital costs of re-opening -such plants are usually
much - less than building new plants, the small size and prior
1ack of viability of these plants make them irrelevant in

considering future ethanol costs and supply. :







3.1.1.5 Tax Subsidies

Starting in 1979, motor fuels with at least 1'0‘,% denatured
ethanol derived from renewable resources were exempted from the.
$0.04 per. gallon motor fuel excise tax. At a 10% etharnol

- concentration - this 1is equivalent to $0.40 per gallon of -

‘denatured ethanol itself). As an aside, ‘since the anhydrous

ethanol is denatured with gasoline, this is equivalent to 9.5%
. ethanol. A year later, .an alternative credit of $0.40 per
. gallon of denatured- ethanol used as 'a motor fuel ‘in any

Y

concentration was established in the form of a ‘credit against

- the seller's income tax. ~In 1983, the ‘motor fuel tax was
increased to $0.09 per gallon with the ethanol blend excise tax
exemption being increased to $0.05 per gallon and then $0.06

per gallon  in 1985, -and the blender -income tax credit

accordingly increased to $0.60° per ‘gallon. The subsidy as a

".credit against income tax is scheduled to expire at the end of
1992, while the. ‘exemption. from motor fuel taxes  expires
September 30,  1993. - Congress and others -have discussed
extension of these subsidies. - - oo

Even assuming that the high ethanol level fuels considered

in this- report . would be treated as gasoline by the U.S.

‘Treasury, the $0.06 per. gallon excise tax .exemption would not
provide much benefit on a per-gallon ‘of ethanol basis. Instead

" of $0.60 per gallon at 10% ethanol, ~ it would only ‘be worth
about $0.07 ‘per gallon of ethanol in E85. . Even ' complete

" exemption - from the excise tax would not  be. much help.
Therefore, the blender. income tax credit would be the subsidy-

used at high ethanol levels because it provides :the subsidy of

$0.60 per. gallon of ethanol regardless :of the ethanol content .

of the- fuel.

,  Other Federal subsidies for ethanol production. have been

- provided at times’ in the form of special investment tax credits

and loan guarantees. Also, many states provide subsidies in

the: form. of -partial or total _exemption of .gaschol from their

- own motor fuel ; :

- payments; .. .abaut: .- 20-. states..
' $0.20-0- , ity

provide . subsidies averaging

‘edéral . ‘budget and on " state budgets ' where ‘it is
- " subsidized. " These effects are discussed more fully in section
3.6'.;r;f"i'%wvi,;tkput.,'the“?,Fedevral*_}andn state subsidies, neat ethanol
: N C “would not be competitive with gasoline at its current

S22~ L

. taxes or ‘in the form of production credits or.

fotallﬂé_ng v ir,qgghly - $160

£or: ethanol can: have:a substantlal effect-. .
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,3-1'2  Ethanol Production From Natural Gas and Petroleum

~ Although virtually all the ethanol for fuel use in the
- .¢g.8. ‘currently comes from fermentation = of grain' (domestic .
- ethanol) “or other .sugar CrOPS (imported ethanol), ethanol can
.. also be, and is now, produced from petroleum and natural gas
"via  an- ethylene (C,Hs) intermediate step. This - conversion
.-.0f “ethylene” to ethancl is done by hydration -of. ethylene, in
'which water  vapor: is-added to ‘ethylene vapor in the presence of .
- an. acid catalyst. As with the " fermentation -approach, “this-
- process yields ethanol with about 54 water which then..can be
' ‘removed with 'a ‘dehydration ~step.. but  for many: industrial
 purposes this final dehydration is unnecessary.. e e e

... There ~are many: non-beverage and - non-fuel products -that
" make use of -ethytlené-d;erived;.ethanol ‘including food . extracts,
._.toiletries, pharmaceuticals, solvents, and cleaning products.
" Ethanol that is derived from petroleum or npatural gas sources

: ‘does- not . qualify for “the income tax credit or ‘the excise -tax '
. exemption. Also. _ethanol that is to be. used for. other. than
7 fyel = purposes does ‘not qualify for these tax ‘subsidies.

Therefore, for theése industrial- uses. ethanol  from' petroleum.
sources- competes - directly’ with ethanol from grain. - However.
‘since: the. chemical companies. producing ethanol ' from petroleum
products. are often part "of the same petroleum company supplying

* ‘the ethylene feedstock, - it is-usually most economical for the
.. .ethanol for. these uses to. be produced by the ethylene route. A

' rough estimate of the cost ‘of ethanol derived from ethylene is
$0030-1050 per gallon.(11] oo oo

“anesthetic, as a: fuel: with oxygen for high-temperature- flames,

‘and as- a coloring and. ripening agent for citrus - fruits and

. tomatoes. . In addition to these direct uses of ethylene, it - is

a very impo-rtam:z.,j-;pet:r"ochemical feedstock, both in terms of

quantities used and’ economic value. For example, it is the

- feedstock. for ethylene oxide, ‘ethylbenzene, ethyl chlor ide,
ene ethylene -

_Other COmpetiné uses ' of ethylene includée - use ~ as an

dichloride;.
most

glycol (for . anti-freeze),. and

-t st cheaply produced -by- reduction or steam
t

cthane or propane recovered from ‘na

due to the high demand. for ethylene, "many producers
.such as gas. =

- Rave beer-turning. to heavier petroleum fractions

oils, as feedstocks... . ..

. hundreds of.

thane’ Or , r ural gas. or .
olatile- fractions of petroleum. Excess butane frem
VP reductions could also be processed into- ethylere.. -






gi

It should also be practical to make ethanol from direct
oxidation of ethane using process ,tgchnologies similar to those
used to make methancl from methane in natural gas. The ethane

could be. taken from natural gas - produced ‘in this or -other ..
countries. However, ethane-feedstopk value in other markets -
would affect the costs, and ethane is usually less than 10% of

. natural gas. If there were no .nearby market for  the methane,
it would probably not be economical to invest the capital to
separate out the ethane and convert it ' to ethylene and .
ethanol. . : S : L o S I

~ Also, it may -be possible to oxidize_naturalr gas” liquids
directly to various alcohols slanting the process to form

ethanol. Other alcohols “made could possibly - be removed.
Furthermore, intensive research is underway = for ~direct
catalytic oxidative conversion -of methane to ethylene, which

ecould then be hydrated to ethanol. Although promising results -

have been obtained with this process, ‘it 1is too  early to

determine if these can be improved to industrially attractive

levels.[18]

3.1.3 NonéFood‘Biomaﬁs :

. As - introduction, various feedstocks other than corn have

been considered for ethanol .production. These . include

potatoes, sweet potatoes., Jerusalem artichokes, sugar beets,

fodder beets, sweet’ sorghum, and grains other than corn. .

Should corn prices rise, ‘these other crops might be a less
expensive feedstock because they can be grown on a broader
range of . lands and climates.  .Also, non-food biomass sources

‘such as cellulosic biomass could be expected to allow greater
amounts of ethanol to be produced than relying only on the .corn.

crop.[12]

Many advances have come out of continuing research on

processesrto.break down the various types of cellulosic biomass

‘into sugars -that can then be fermented. For example, the large

- gcale production of ethanol. from lignocellulosic feedstocks is

- considered a possibility for. the futurei(e.g;;ﬁin_the%timeftamea

" ' fechnological advancements if corn prices were to increase to
$3.50-$4.00 per bushel.[3]1 . A s o -

of';2000v2Q10W depending,1on fesearch,ffundinq. ‘oil» prices, L
etc.).[12] Lignocellulose comes from sources such - as - trees. .
grass, - waste xpaper.-,andggcardboardj'which:"afe, :elativel?,"

_ inexpensive and. plentiful asﬂrawAmaterials.nv

' Some cost estimates have been made for using cellulose |

including the energy value of unconverted cellulose as- a
byproduct. The current cost estimate. for ethanol  from

_cellulose at the wholesale level is roughly $1.35 per gallon

[19] compared to $1.00-1.20 per gallon from. fermentation in a .
~.grain plant at current corn prices. According to the 1988 -
- Department of Agriculture report cellulose conversion would be -

cost competitive- with corn based - production without - further

-24-







KA

The Department of Agriculture report alsg states that
research on a number of areas would be useful.([3] One aresa is
investigating processes to readily convert biomass materials
into processed cellulose, lignin, hemicellulose, and coproduct
streams. Another is chemical modification of cellulosic
materials to products which can be easily used for fuel type
applications. In general, the biotechnology for production and
conversion of cellulose to ethanol is fairly immature with much
optimization still to be done, whereas the technology of
fermenting corn into ethanol is quite mature with much smaller
additional improvements likely.

Estimates of the future cost of ethanol from cellulosic
feedstocks are optimistic based on expected advancements in .
conversion efficiency including customizing bacteria and/or
yeasts using genetic engineering technigques. DOE has ongoing
research that may eventually provide improved technology f£for
the conversion of biomass to ethanol. This research is working

‘toward a long-term future goal of producing ethanol for $0.60

per gallon (plant gate cost, jncluding capital recovery)
without government subsidies. This goal is based on reducing
feedstock costs from $3.00-3.25 per dry ton to $2.00 per ton.
This depends on research success to improve average wood yields
on selected test sites to 9-12 dry tons per acre per year from
the approximate 7 tons per acre currently achievable. In
addition, -it depends on research to improve Crop genetics. and
large-scale cultivation. While the long-term future cost of
ethanol using these new technologies is highly uncertain, DOE
is confident that research will result in significant cost
reductions compared to the current cost of using cellulosic

_resources to produce ethnol, which is about $1.35 per gallon.-

DOE is continuing to work on future -technologies that will
improve the yield rate, +he rate and concentration of the
ethanol process, and lower the enzyme = cost through
biotechnology. as well as on system optimization and scale-up
testing.[19,20] '

Another issue with ethanol from cellulosic materials is
+he theoretical potential quantity available. while the
potential supply of ethanol from corn has been very roughly
estimated at 10% of the U.S. gasoline requirements, the..use of
cellulosic biomass has the potential to replace much or all of
the gasoline consumption in the Uu.s.[19,21,22] An average of
328 million acres of cropland are planted each year for food
crops.[19] Replacement of all the gasoline consumption would
involve use of 192 million acres of other cropland currently in

various production reduction, conservation, and soil erosion .

prevention programs sponsored by the government; land for which -
new crops will be needed; and pasture, randge, and forest lancs
that are capable of supporting crop production. The economic
costs of this theoretical option are not ‘known but could bte
several times that of gasoline. Also, such an approach on a
large scale is vulnerable to wide swings in production due o
weather variations unless buffered by stockpiles.
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In addition to increasing the ethanol supply potential (at
what may be a high cost), cellulosic materials could be used to
produce animal feed. In the late 1970's there were several
technologies. available to convert cellulose and hemicellulose
into an ruminant animal feeding ration that had a much higher
carbohydrate to protein ratio than DDG or gluten feed from
grain. In certain limited circumstances economic  and
environmental factors may favor using corn or other grains for
the production of ethanol and then using partially hydrolyzed
lignocellulose to replace the needed carbohydrate energy to
balance the feeding ration.[23] '

Ethanol from cellulosic biomass also has advantages over
_corn in terms of the agricultural energy inputs required. This
js discussed in section 4.3 in connection with the greenhouse
effect and carbon dioxide production. ’ '
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3.2 Imports

 One aspect of ethanol as a motor vehicle fuel that is a
key attraction to somé proponents is that it can be produced
domestically. Current domestic ethanol production for fuel of
840 million gallons per year displaces about 40,000 barrels per
day oil equivalent or 0.2% of total U.S. crude consumption, not
taking into account the energy consumed in growing the corn and
converting it into ethanol. This small -~ amount has no
noticeable effect on U.S. energy security. Despite the
expandable domestic production capability, it may be desirable
at some point to admit overseas ethanol depending on demand,
domestic capacity, and cost factors. This would most 1likely
involve reducing the tariff to allow imported ethanol to be
competitive with domestic ethanol, thereby authorizing U.S. tax
subsidies to other countries. ‘

As discussed earlier in the section on fermentation from
grain, there may be some relatively high 1limit of domestic
ethanol production from grain beyond which food prices could
increase significantly. Such a high production level would
probably also be more than enough to satisfy any reasonable
goal for agricultural sector and rural economy stimulation. If
i+ is desirable to have even dgreater volumes of ethanol used,
for example because of global warming effects or other air
pollution benefits, overseas sources could be considered.
Temporary reliance on some overseas ethanol could also allow
U.S. consumption of ethanol to -exceed domestic production
during the period needed to bring more grain fermentation
plants on line, during droughts, or during the longer period
until production from non-food biomass becomes economical as a
result of a research and development effort. Foreign producers
may be unwilling to make the substantial capital investments
required to export ethanol to the U.S. only during droughts
that occur every five years or. so. Imports for any reason
could also have adverse impacts on the balance of payments and
the Federal budget as the cost of. ethanol subsidies would
increase.

The only country other than the U.S. with a significan:
ethanol fuel industry is Brazil, where ethanol is made £frcnm
sugar cane. Brazil's annual production is about 5 bill:icn
.gallons per year, or about six times current U.s
production.[12] Much of this ethanol is hydrous which wou.Z
have to be dehydrated if the U.S. market were based :=
anhydrous ethanol, but there is alsd a substantial amount =::
anhydrous ethanol produced for gasoline blending. Due to =Ine
large amount of tillable land that is not under cultivaticn
Brazil could expand the acreage devoted to sugar cane ar.:
ethanol considerably while causing 1little or no food pr::c=2
increases. ' In recent years Brazil has placed more priority --
developing its oil resources and production because it 1s lcwe:
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cost than ethanol. Brazil also has some flexibility to
substitute petroleum for ‘ethanol for ‘domestic consumption,
thereby releasing ethanol for export.. Ethanol production and
pricing are heavily subsidized by the Brazilian government and
the program has been costly to Brazil. Also, Brazil |is
currently importing ethanol to meet its domestic demand while
it takes advantage of high world sugar prices and, therefore,
is not in a position to export ethanol to the U.S. .

Some Caribbean Basin nations are in a situation somewhat
similar to Brazil's in that sugar cane ijs a suitable crop for

 their land and climate. Furthermore, they benefit from a very

limited exemption from the 60 cent per gallon ethanol tariff.
(This exemption appears  morée politically secure for ethanol
produced from local feedstocks than for foreign ethanol that is
merely upgraded in the Basin.) However, <their ability to
expand cane acreage is much less than Brazil's and their
ethanol production capacity- is presently small, but 1is
expanding. ' ‘ L :

Wine-derived ethanol from European countries 1is "another
possible source of imports. Due to the agricultural support
programs, some European nations have accumulated stocks of

surplus wine and of partially refined wine ethanol. This
ethanol in -effect will be sold to the highest bidders,
irrespective of its -production cost. The current stock 1is

about 400 million gallons, or about one-half the annual U.S.
production rate. However, the sustainable excess production is
reportedly only about 100 million gallons per year, too little

to affect a U.S. market much. Moreover, the ‘wine-derived
ethanol reguires more expensive upgrading to remove impurities
than corn or Ssugar cane-derived product. Also, Europe 1is

considering adopting an ethanol fuels program, and costs of
producing. ethanol from agricultural- feedstocks in Europe are
higher than in the U.S., SO Europe may not be a feasible source

for imported ethanol. Finally, with imported ethanol, the U.S.

Government would be in effect subsidizing European farmers

»

while attempting through GAIT to gain agreement with European

producers to phase down subsidies.

There méy belothe: regidns'of'the world where sugar cane,

corn, or other grain could be grown and fermented to satisfy a
U.S. ethanol fuel market. Presently, the U.S. produces
incremental corn as cheaply as any other nation, and it is not
possible for another nation to produce and deliver ethanol to
the U.S. at a competitive price without a subsidy.

~28-

. ’ R .
. . ' . . 3 ’







cobisad

.

k

il

If the technology for ethanol production from cellulosic
biomass develops sufficiently to allow domestic = production
through this route instead of or alongside production from corn

(whose price may have been pushed up by increased ethanol

demand), the potential for imports may also expand. While the

-U.S. might be able to produce sufficient biomass to meet a

given requirement for ethanol, other nations may have a natural
competitive advantage for sustained production due : to factors
such as longer growing season and more optimum rainfall. It is
difficult to predict which regions will be. most efficient at

growing new. types of non-food crops. Some other nations might

compete ' temporarily as they deplete their present biomass
cover, for example tropical rainforests, although ‘there has
been no indication of plans for production of ethanol from
cellulosic materials in such areas. : x . :

If ethanol from fossil-fuel ethylene becomes a significant
source, it is likely that overseas producers will have a cost
advantage over domestic . producers. An exception might be
domestic production from specific hydrocarbon  fractions that
otherwise would have low market value. For example, surplus
butane might be converted to ethylene and then ethanol. .

U.S. ' trade policy obviously will influence .whether
overseas ethanol actually enters the U.S. The existing $0.60
Fer gallon tariff, whose purpose is to prevent importers from -
benefiting from the $0.60 per gallon Federal subsidy, makes
import wuncompetitive except for those that qualify for an-
exemption, as in the Caribbean Basin case. o S
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3.3 Transportation and Marketing Costs

'3.371  Delivery to Terminal or Bulk Plant

: Most of the ethanol in the U.S. is produced in the central

part of the country close to. farm states as shown in available

o 1987 “production: figures. ~ About .50 commercial-scale plants
. . currently produce ethanol from- grain; - the plants range in size
: . from 500,000 to 255,000,000 gallons per year.. Even "a 255
"million gallon etharol plant is small compared to. a modern
refinery, which can have an annual ‘output well over 2,000

million gallons of refined product per -year. The plants are

located in about 20 states, -many of which are in the farming
sections of the central part of the ‘United States.[2] If .
 ethanol' production increases in the future, it will 1likely be
‘through addition of more plants of the largest size. They will

likely be geographically situated to minimize grain or Dbiomass

- shipment costs to the exten compatible "with. other economic

. factors. : S o CL '

.« . It is estimated that it ‘presently costs $0.06 per gallon
for gasoline shipment as a national average or $0.03 per gallon
' for shipment to the the nine worst .ozone. non-attainment areas
. (these- -figures . include both  long . range and - local
distribution). . The lower cost is due to the proximity of the
non-attainment areas to . major ~ ports ~and pipelines.  The
. projected figure for methanol given in the September ‘1989 EPA
‘methanol report is  about $0.03 per gallon.(24] S
Ethanol is now shipped: by rail car .or. truck for further
blending. . The current production (about 840 million gallons
- annually) .represents about 0.8% of gasoline production in the
. country as .a whole (or 0.5% on an energy equivalent basis);
however, some portions of the country such-.as Illinois have a
_much - higher market share (e.g., -about .3% ethanol which
‘represents about 30% gasohol) compared . to- the average. These
. states provide an ethanol. subsidy in addition to the. Federal
. 'subsidy.: If. -neat or’  near-neat. ethanol ‘is primarily used as a
uel ‘in areads -sever - the nearest high-ozone
{ : “ go-Milwaukee region.
xpérisive  for shipping
sales: fraction of rabout
wauks igion . w d :eventually consume
c-the - production of ethanol, - after full - fleet.
. turnover.’T Significant E85 or E100 sales in other high ozone
~ areas would ‘require much more of -it to.be .transported from the
: _ ":Mi,dwiestj:,1;'q_;,thej “East, ' West, ~and- Texas coasts than is. now
' oecurring with ethanol, = . - S

 currently, in the- U.8. ethanol is not ‘shipped” at all by

. ;éipe‘l.__ine, ~which is’ the least. expensive -mode of transport.
. Thus, in the short term . the cost -of »shipping‘j,l‘arger»» volumes of
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. ethanol (presumably by rail car or barge) will be greater
- possibly by several cents per gallon than that for gasoline but
pr,obap_ly‘;nq,more*th;an the current cost of :s,h'lpp‘mg_ 3@?301'-[,251

o . AltHough it. is not the current practice, alcohols should ..
" “also 'be able to be shipped in pipelines provided steps are ‘
-~ taken ~ to:. assure  pipeline cleanliness - (to prevent fuel =
. contamination) ‘and to eliminate. excess water - in the pipeline
.. system to. prevent phase separation.- As mentioned -in- section - -
.-°.3.1:1.3, - this is already done in Brazil.[9] - In .general,
" ethanol plants 'in the Midwest are located near certain:pipeline = .
" routes which- run from Texas and Oklahoma though the Midwest. to -
.. the. East,- but -not to the West. In the long-term, a system of:
.~ new connector type pipelines ‘would be needed to connect to the -
--"long distance.pipelines serving new- qthancli_;market_s'out.side the

Gl

‘ .- farm-.states.. - However, due. ' to.  costs such as - for ' system -
¥ . preparation -and- maintenance, shipment *~ in a ~multi-product
K ... pipeline may not “have. the  significant. ‘cost advantages for
i ~.alcohols that it has for petroleum products. - B

. is that ethanol. fuel would be a fungible product. .. Fungibility

~."is the .ability to.mix or interchange products from two sources,

. ag in the case of shipments through a pipeline, without 'having
_a. purchaser-discernible effect on the products. Currently, .
‘gasoline may or may not be. fungible, depending on whether ‘it~ .~

_.“sets certain specifications set by pipelines. Crude o0il “is

.. “usuaily not .fungible 'unless ‘it comes from .the same- field: =
.~ because of the-large .chemical differences: which exist. between. '

' the various types of crude 0il. Ethanol production: yields a

' yirtually pure single compound (or ethanol with water 'in ‘the
‘case of hydrous ethanol). " Once exact specifications for- fuel

. One cost savings advantage in the distribution ‘of -ethanol - . -

1
: - grade ethanol (E85 or E100) have been determined., it is
< ~ . unlikely- that - pipelines - would place any . -additional .
‘ - epecifications-.on: the fuel ‘since it ‘is so uniform a product. :
! ' ' ' for- pipelines‘ and . other “distribution  systems, ethanol o
d-be a very fungible producti . - UL e
in \
ion - are.’
_ dtions.  If tanks:are
= ine, - they would in many
er:-and any buildup: of sca. y
rti€s of the  ethanol could Tesult.-in'  fuel - -
© This ‘has been a standard  practice for many - .
; . s0 it is not expected to  present ‘any .







3.3.2 Di'stribﬁtion' +o Consumers

Oother than the need for 'secj_regatiOn from gasoline, -the
"major factor affecting “distribution of ethanol to consumers

- would be . the. jncreased amount of ethanol needed due -to- its
lower en’er'gy”’;content ~per . gallon compared to gasoline. The’

‘actual quantity of ethanol needed is determined by the relative.
fuel economy (in miles per gallon) of an ethanol fueled vehicle .-
compared to gasoline,"‘which depends not only on the energy’

content of the fuel, ‘put also on the vehicle efficiency 'in
converting that energy into useful work.

Ethanol has about 67% of the .energy content of gasoliné‘

(76,000 versus approximately 114,000 ‘BTU per -gallon). In a
‘vehicle designed to take advantage of the properties of ethanol
(e.g., higher octane allowing higher c_ompression'ratio. leaner
combustion, - higher post-combustion pressure, greater thermal
and ‘volumetric ‘efficiency) neat or near-neat ethanol . is
. expected to result in an efficiency benefit compared - to
gasoline. Although one might expect the efficiency benefit to
be slightly less with ethanol than methanol due to its chemical
structure being in between those of gasoline and methanol, an
E100 vehicle has advantages that tend to balance out. these

disadvantages. For instance, as 'the. air-fuel ratio 1is:

‘decreased from _stoichiometric to obtain optimum efficiency.
~ethanol theoretically 1loses less of  its post-combustion
. pressure Dbenefit than methanol. Also, since ethanol has a

. greater energy density (BTU per gallon) than methanol, the fuel

tank can be smaller and the vehicle weight slightly - less,
allowing slightly better fuel energy economy. In the case. of
an FFV operating on E85,  many of these advantages are

sacrificed to maintain compatibility'w'ith straight gasoline, so .

the benefit would be “about half as much as ~with “an . FFV
operating on M8S. Reference [26], provided as' Appendix D,

contains a full discussion of these and other factors affecting

ethanol efficiency.

- while there are currently no test data and no measurements
- for impraved efficiency for highly optimized neat or near-neat .

. ethanol vehicles, testing with ‘methanol has led to estimates of

"~ 30% efficiency improvement with. neat methanol in "a dedicated
T ‘methanol: vehicle ~and - about~ 5% with 85% methanol “in . an. FFV.

(Ford- estimates .an. efficiency improvement: ‘of ~only . 15%-20%

rather than 30%:.) - The 30% figure represents vehicle as well as - "

engine .redesign. conditions, but we Know of no reasons why: it

could not. be achieved if one weré to design a truly optimized

E100 - (or M100) vehicle,. which no one has done  yet.

Furthermore, some ‘limited . test data. from moderately optimized
neat ethanol vehicles jin Brazil also support a projected. 30%

efficiency improvement _potential for E100.[27]1 It should be

noted that the 30% estimate does not include any ‘credit for
exhaust heat recovery. flywheels, super light vehicles, etc..
since these efficiency improving techniques could also be 'used
with gasoline vehicles, ‘ S B '
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) Thus, for the purposes of this report, the efficiency
improvements with ethanol are estimated at about 30% for neat
ethanol in a dedicated vehicle and 2.5% for near-neat (e.g.,
85%) ethanol in an FFV. Combining this with the 67% factor
gives an overall fuel economy (miles per gallon) for a vehicle
fueled with 100% ethanol of 87% that of a gasoline vehicle.
The number would be 72% for a vehicle using 85% ethanol. This
means that one needs about 15-39% more ethanol than gasoline on
a gallon per mile basis. : :

Based on this increased fuel volume for a given number of
vehicle miles traveled, one can infer that an increased rate of
fuel drop-offs at retail service stations would be needed. (In
general, larger underground storage tanks would not be a
solution, since these tanks are usually at least as_ large as
the tank trucks making the deliveries.) An increased drop-off
rate implies an increased number of tank trucks and drivers to
transport the fuel from the storage tankage to the service
station. Assuming not all stations would carry ethanol fuel,
some of this increase in trucks and drivers could be offset by
optimizing truck delivery routes for delivery only to the
ethanol stations. Some of the costs associated with these
changes have been analyzed for methanol in Reference [28]. For
methanol, the cost of the increased number of trucks 1s

estimated to add $0.0019-0.0039 to the cost of each gallon.

Since the quantity of ethanol required would be 33% less than
that for methanol, a rough estimate of the added truck costs
would be $0.0013-0.0026. However, these estimates do mnot
jnclude other related costs such as labor or truck operating
costs. As a base case, the total cost of delivering gasoline
less than 100 miles is between $0.01 and $0.02 per gallon.

To be able to provide for fuel ethanol segregation from
gasoline, and provide for jncreased drop-off rates relative to
gasoline, one may need increased storage tankage (e.g., in tank
farms) above what is currently used for gasoline. Naturally,
any such changes in the distribution system depend largely on
the percent of vehicles using the neat or near-neat -ethanol and -

the percent of service stations carrying this fuel.

Another possible change associated with increased fuel
volume is the dispensing pump flow rate. . If larger vehicle
fuel tanks are used to maintain a range comparable to gasoline,
higher flow rate pumps might be needed to keep the average time
for a fill-up from increasing. However, it may be found that
this is not important relative to the total time spent by
consumers at the station when refueling.
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3.4 Vehicle Hardware Costs

Use of an optimized vehicle fueled with neat (or 1less so
with near-neat) ethanol should allow use of a smaller, lighter
-engine which. delivers the same power as the ‘gasoline-fueled
engine it replaces. The weight saved in the lighter -engine
means that portions of the body structure and the suspension
can be made lighter, especially if the engine/vehicle design is
done as an entire system. The resulting vehicle will have
equivalent power and weigh less than the vehicle it replaces;
hence, the resulting vehicle will have better performance. The
improved performance means that even further weight reductions
are possible if the engine ig resized for egquivalent
performance. The smaller engine will allow powertrain weight
and cost savings because the power transmitted will be reduced.

The smaller engine size should lead to a smaller catalytic
converter since most emission control systems use a certain
ratio of catalyst volume to engine displacement. Also, the
lower vapor pressure of ethanol compared to gasoline should
result in savings in the evaporative control system. o

Ethanol's combustion properties should be similar to those
of methanol which result in less heat being rejected into the
engine's cooling system. The lower heat rejection and the
cooler exhaust leads to more savings. The neat ethanol fueled
engine will have to increase the sensible heat in the exhaust.
This will require exhaust port jnsulation which provides the
appropriate exhaust conditions for effective emission control.
The fact that not as much heat is rejected into the vehicle's

cooling system means that a smaller radiator can be used. :

However, fuel system modifications for neat  or near-neat
ethanol might lead to cost and weight increases. Hydrous neat
ethanol (95% ethanol and 5% water) vehicles may need more
attention to material selection since this fuel has somewhat
greater rust forming tendencies than the anhydrous neat
ethanol. It is expected that any material changes implemented
for methanol vehicles would also Dbe sufficient for ethanol
vehicles. : ‘ T

Cold starting with neat ethanol at low temperatures would’
require similar solutions as used with neat methanol due to the

similarly low volatility of ethanol. For instance, some
existing ethanol and methanol vehicles have used a separate
fuel system with a more volatile fuel (e.g., gasoline or

propane) for starting and then switching to the alcohol. Also.
with enough lead time, engine hardware will probably Cte
developed such as a sophisticated direct fuel injection system
to assure cold starting [29,30]. The more sophisticated fue.
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injection systems - reguired for satisfactory cold start
performance with neat ethanol may be more expensive than that
- needed for -a gasoline vehicle. Also, as with methanol, c:he

“larger fuel tank than .for a gasoline vehicle. will be more
expensive and may need modifications such as a flame arrester
or bladder for. safety. However, the fuel tank size for ethanol
would not need to be as large as for methanol due to ethanol's

greater_energy.density.

On an overall basis, there are several areas where cost
savings and increases are expected. While there is uncertainty
on the costs of vehicles designed for neat ethanol, and higher
costs have been estimated by others such as Ford and GM, this
report assumes that in the long term the savings and increases
will balance out with no overall cost difference between future
optimized neat ethanol vehicles and gasoline vehicles. It
.should be noted that since some of the changes needed for a
fully optimized vehicle (e.g.., the structural weight savings)
could only be realized with the design of a totally new
vehicle, achieving the full efficiency potential of ethanol (or
methanol) fuel would require a lead time -of. at least 5-6
years. As long as ethanol vehicles are simply modifications of
their gasoline fueled counterparts as in Brazil, the full
benefit of potential weight reductions will not be possible.

For a flexible fuel wvehicle operating on various fractions
of gasoline and ethanol, one does not have all the cost savings
- possible. with a neat ethanol fueled vehicle. = Also, a fuel
sensor is required. EPA is relying on the Ford cost estimates
of an extra $150 to $300 for a flexible fuel methanol vehicle
produced at high volumes; the Ford numbers were recently
updated to come up with this new range which is slightly lower
than the old numbers.[31,32] . An average cost of $300 per
vehicle (the high end of the range) will be assumed. o
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3.5 vehicle Operating Costs

The only difference in operating costs between ethanol and
methanol vehicles is expected to be the fuel cost. . Table 3-2
provides a fuel cost breakdown for ethanol. relative to
gasoline. For gasoline a: terminal  price of $0.6% is used
corresponding to current crude oil prices of roughly $20 per
barrel. For comparison a gasoline price of $1.07 per gallon is
shown, corresponding to a crude oil price of about $35 per

barrel. These are the same gasoline prices used ‘in the

methanol . report. The ethanol plant gate price range of $1.00
to $1.50 per gallon was chosen to bracket current prices of
about $1.00-1.20 per gallon and, account for price increases
associated with greatly increased production, as described in
section 3.1.1.4. @ If crude oil prices: also increase
substantially in the future, the high ethanol cost may increase
beyond $1.50 per gallon due to the use of petroleum products in
corn farming/transport. A column is also jncluded to show a
possible future . cost of ethanol "derived from cellulosic

biomass, as described in _geetion 3.1.3. The dealer markup.

numbers for ethanol are based on maintaining constant total
profit while jncreasing throughput of ethanol (due to lower
energy content than gasoline). ' v

Table 3-3 shows the gasoline-equivalent ethanol retail
price range for three different ethanol'vehiclefscenarios for
" the high, low, and future biomass ethanol prices mentioned in
the previous - paragraph. The ‘gasoline-equivalent ratio 1is
derived from the ratio of the energy content of gasoline to
that of ethanol (1.5) adjusted for ‘possible: efficiency
differences. The greatest efficiency improvement comes from an
E100 vehicle optimized for etharnol use. Prices for
corn-derived ethanol are shown both with and without a $0.60
per gallon ethanol tax  subsidy. The future biomass ethanol
‘prices are only shown without a subsidy since no subsidy 1s
anticipated in that scenario. i ‘ :

Using the above ethanol and gasoline prices, Table 13-4
compares the annual fuel costs for ethanol‘relativefto;gasoline
assuming “accumulation "of 10,000 miles -per year and - 27.°
gasoline-equivalent miles per gallon. Ethanol costs are shown
to be either higher or lower than gasoline costs depending o=
the specific scenario. S - .

<35%







Tabie'342

Total 'Pump Price Comparison for E100 without Subsidy -
- o ~($ per gallon) o

" Low Crude = . Current High Crude

 (820/bb1) Low Cost  High Cost ($30/bb1)
- . Gasoline * Ethanol Ethanol Gasoline®
Terminal or . 0.69 1.00 1.50 1.07 .-
Plant- Gate Prlce T
‘Long Range and .’  0.06(0.03)°  0.06° 0.06° T 0.06(0.03)
Local Distribution = ‘ : - '
 Service-Station ~  0.09 '0.06-0.08  0.06-0.08 _ 0.09
Markupd ‘ - i ‘ ’ ’
All TéxeS“ 0.24 _ 0.16 0.16_ - 0.24
Subtotal 0.39(0.36)  0.28-0.30  0.28-0.30 0.39(0. 36)
Dlstrxbutlon : e ' o
" Total Pump Price’ 1.08 ©1.28-1.30  1.78-1.80  1.46
, . (1.05) SRR (1.43)
.Pér'Géllon‘Gasqline'
Equivalent: ’
- '30% Ethanol 1.08 1.48-1.50°  2.05-2.08°  1.46
Improvement (1.05)- B : S (1.43)

(For. the case of EBS wzth 2.5% xmprovement. see next table,
: s;nce :he cost of the 15% gasolxne must be xncluded )

- a) - The- hxgh gghanol case is based on .inereased corn przce due . to greatly
- : .£0r . ethanol " 1f crude oil prices also

5 high ethanol cost may increase beyond

. of petroleum ptoducts in -corn

for gasolxne shxpped ro”U S. non- attéinment '
' 33 0. watet ‘or pipeline’ routes._
fng-icost of athancl ‘assumes -large . enouqh quantxcles that no
ou -‘applxed relative - to gasoline for identical shipping
_ [ barge 0T truck), 'and that there would be sufficient
“1ncentA e’ ,n'g:pelxne companxes ‘to make :the’ necessary accommodatxons
) ~ ko sth ethanol ‘to. the: appl;cahle areas. v
' d) - These- est;mated costs of service station markup assume that gasoline
- Lretaxlers would requzte a lower markup per gallon. of ethanol sold than
a-gallon of’ gasolxne. due  to' the lower ‘enérgy content of ethanol and
f,suhsequent increased volume of ethanool sales relatxve to gasoline on a
- - gystem wide basis. :
“e)y 1.5 (BTU‘ratxo)/l 3 (efficxency ratlo) ='1. 154
©. 1.154 x §1.28 = $l. 48 ‘
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Table 3-3

S_—  ;5_Hf' Gasollne—Equ1valent Ethanol Retail Prlce
R -u';}i;~/~_' (% per gallon except as noted) - -

‘f;131004>Nov  Ess. . E00.

. credit For . 2.5% Better =~ 30% Better

S L | ‘gfficiency ~ Efficlency E fflCIency_’

";fwBthanol Plant S 1,00-1.507

- Gate Prlce S e A

,',Gasollne Blendlng fi**' 0 20.05 to‘-O.iZ{;};;f'f b,f:,
o for EBS ' LT : S oL

‘*Dzstrlbutlon. ‘7 | i0.28f°;3°
Markup and Taxes T

f'~Tota1 Ethanol f57 O ‘1{2851.
S Retall Pr1ce o gv R 2 |
_$0.60/gal tax Credlt 0.68-1.20 o 0.74-1.18°  0.68-1.20
‘ on‘EtOH portlon : f-r S B R

’fGasollne—Equlvalent "1, 50
' Ratlo : :

. Total Gasollne— - 1.92-2.70 1.74-2.35
‘ Equlvalent Ethanol AR - ' -
Reta11 Prlce Lo

ef:—$0 60/qa1 tax credxt’Ql,OZf;;QOT ‘ 1-03’l5§4[:p‘ﬁ?{f )
v .-OR EtOHRp'rt on R I S -

vt
axkup that gasol:

A;iowef5markup per galIon ‘of . et
gascline, due to the lower ‘energy -

;;fﬁrelatlve to- gasollne on. a system wide baszs """
¢) - 0.85($0.28) +° ,15($0.39) = $0.30 -~

f,d)”°;Reflects reta11 fuel price- only : $0‘60/gallon cost mustf>
S still come ~out, Tof government budget an& be borne bv‘f

21 paxpayefs-in’ general. 7 N
e). $1.25-0.85($0: 60) = $0° i

£) - (BTU/gallon gasanne)/(sm/ganoﬁ*} ethanolf r‘ji)v":":edjﬁfsted

- for efficiency improvements. - .= .
. g)  0.85(1.5)/1,025 + 0.15/1.025 = 1 39
R} 1.5/1.30 = 1.5 R

;31}oo+1,sq ‘_fé."l oo 1.50 5,

0 1.25-1.69 . 1.28-1.80 L

10397 ,:G}:‘f'fl.;séfA,; fsi

 Lasz.08

' .rgallom: . of - éontent of
" ethanol and" subsegquent. increased wvolume -of- ethanool salesj
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Table 3-4

Annual Fuel Costs®

$0.60/gal.

' _Gasoline
Low High Subsidy -
$382 $520 © No
§382 $520  Yes
Véhéﬁge
Relative To
Gasoline Low  No
‘ | ‘ . Yes
Gasoline High - No
| ves

a) Gasoline—equiyalent;assuming.10,000 miles/year an

E8S

Tow High
$633  $855
$327 $553'
+66% +124%
_14% + 45%
+22% +54%;
rv&37%, +‘5%'

~39-

_E100

Dow iR
$535 $753

| $284  $502
+40% +97%
_26% +31%
+3% . +45%

-45% - 4%

d 27.5 MPG






3.6 Budqet Costs'of Ethanol

If a large ethanol program asS envisioned in this report is
implemented, and if the current Federal and state subsidies are
extended long enough to apply during such' a program,  there
would be very large budget effects on a Federal level and in
certain states. At current ethanol production levels the
. Federal subsidy costs the Highway and Mass Transit Trust Fund.
roughly $500 million per year, which means that much less money

for highway construction and repair (since Fund outlays would

decrease automatically). 1f this gquantity of ~ethanol 1s
increased by a factor of 4 or S5, the Federal cost would be
$2.0-2.5 billion. Since this would mostly result  from the

blenders income tax credit rather than the excise tax
exemption, it would not further ‘reduce the Highway and Mass
Transit Trust Fund but would reduce,General‘Fund tax revenues
thus increasing the Federal deficit unless compensating tax

 increases are enacted. -

The issue of state pudget effects is less clear due to the
- range of tax subsidies, which fuels they apply to, ‘and whether
a given state contains a major ozone non-attainment area where
the ethanol vehicles would be used. About 20 states now
provide subsidies‘averaging $0.20-0.30 per gallon of ‘ethanol
and totalling roughly $160 million per year. currently, only
two of the nine ozone non—-attainment areas in the President's
' proposal have state ethanol tax subsidies. These are Illinois,

which has a 2 percent tax exemption, and Connecticut, where.cthe ..

subsidy is $0.01 per gallon of 10% ethanol blend (equivalent to
$0.10 per gallon of ethanol). : o ~
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4.0 ENVIRONMENTAL ANALYSIS OF ETHANOL

' The major effects of neat or near-neat ethanol vehicle use

are expected _to be in the area of ozone formation and air

toxics. Using current vehicle emission control technology, NOx
and CO emissions can be equivalent to gascline vehicle levels.
. There is no reason to expect -or require them. to be better,
. gince vehicles meeting the applicable NOx emission standards
are adequate for general attainment of the NO., standards, and
unlike CNG ethanol has no particular advantage with respect to
CO emissions. : . ' o '

4.1 Urban Ozone and Pan Level

Ethanol-fueled vehicles tend to emit more ethanol and

a'cetaldehyde "than . a similarly configured gasoline-fueled
vehicle. Formaldehyde emissions are also expected to increase .

relative to a gasoline-fueled vehicle but not to as great an

extent.[1] Compared to a methanol-fueled vehicle, a vehicle

run on ethanol is expected to emit less formaldehyde ~and
essentially no methanol, but more ethanol and acetaldehyde. '

: Non-methane hydrocarbon (NMHC) speciation data for
ethanol-fueled vehicles are limited to one study.[1] The test
vehicles were not specifically designed to run on ethanol.
Data were obtained with the vehicles operating on E85 and ESS.
Data were also obtained with the same vehicles operating on
. Indolene, M100, and M85. It does not appear that ‘the methanol
and ethanol-blended fuels were matched for volatility. With
these limitations in mind, the mix of NMHC emissions from the
gasoline, methanol blends, and ethanol blends ' are not
dramatically different. .The ethanol-fueled vehicles tend to
emit more two carbon compounds such as ethane and ethene, but
‘less of other paraffins.

- -The impact of the use of ethanol-fueled vehicles on urban
. ozone has 'not yet been adequately studied. ~Although
methanol-fueled vehicles. have been studied in some detail, ro
antitative modeling studies of any U.S. city exist involving

the use of 85-100% ethanol in vehicles. Without a broad set of-

such studies,. the  reactivity = of ‘emissions = from an-

~ ethanol-fueled vehicle relative to -a gasoline~-fueled vehicle
can only be estimated in: a crude fashion by comparing the
reactivities of major emission components. o .

A The reaction of compounds in  the atmosphéi:e with the
hydroxyl radical is often used as one measure of reactivity.

Table 4-1 gives hydroxyl rate constants for some of the major

- components in methanol and ethanol exhaust, normalized to
gasoline NMHC.[2,3] (Hydroxyl rate constants strictly speaking

- apply only to pure compounds.  The rate constant for gasoline

'NMHC used in Table 4-1 is actually a weighted average of the
large number of pure compounds that occur in gasoline vehicle
emissions.)[1]  This simple approach. assumes that ozone
production is based solely on ‘the rate constant for the
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Table 4-1

Reactivities Per Carbon”

Based on Based on
Compound OH Rate Constant™" Relative Reactivity™ ™"
_Ethanol 0.21 ' 0.76-0.87
Methanol 0.13 0.69
Formaldehyde 1.30 2.31-3.72
Acetaldehyde 1.15 1.70-3.31
Gasoline NMHC 1.0 1.00

%* %

X kX

Normalized to gasoline NMHC carbon for easier comparison.

The OH rate constant for gasoline NMHC 1is. 10.16 X 10°
pme“min“.{l] The relative hydroxyl rate constants
are only included here because it is a simple approach
often used as a measure of reactivity when modeling data
do not exist. Due to the numerous limitations cited in
the text and the availability of relative reactivities,
this approach is not used to estimate the ozone—-forming
potential of ethanol-fueled vehicles.

The  relative reactivities of ethanol, methanol,
formaldehyde, and acetaldehyde were taken from Tables 4a

and 4b 1in reference [71. Relative reactivities at a
NMHC/NO,. ratio of 8 were used since the ozone maximum -

occurs nearest this ratio. The ranges account for
consideration of both the low and high dilution cases. In
reference [7], the relative reactivities of five mixtures
were calculated: 1) NMHC, formaldehyde and acetaldehyde,
2) ethane, formaldehyde and acetaldehyde, 3) propane,
formaldehyde and acetaldehyde, 4) methanol, formaldehyde
and acetaldehyde, and 5) ethanol, acetaldehyde and

formaldehyde. The relative reactivities of formaldehyde,
and acetaldehyde varied depending on the co-substituted
NMHC species. The relative reactivities of formaldehyde

and acetaldehyde with NMHC, methanol, and ethanol as the
co-substituted NMHC species were selected for this table.
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reaction of each compound with the hydroxyl radical. This

approach does not consider several important factors which
affect ozone formation, such as reactions with species other

than the hydroxyl radical, secondary reactions, photolysis, and
the type of environment into which the compounds are emitted.

Due to these limitations, this approach will not be considered.
further in this report. :

A second approach, in the absence of city-specific
modeling data, 1is to calculate the incremental reactivity of.
the compounds. Incremental reactivity is defined as the
effects on ozone formation and NO oxidation caused by addition
of the pure organic compound to a hydrocarbon surrogate—-NO
mixture. The - incremental reactivity approach 1is applicable
only to small changes in the amount of organic added to  the
base surrogate mixture. A photochemical trajectory model with
a detailed chemical mechanism has been used to calculate the
incremental reactivity of pure organic compounds as a function
of VOC/NO, ratios. Incremental reactivities have been
calculated for many Duré compounds, methanol, ethanol,
formaldehyde, and acetaldehyde using the EKMA model over a
range of VOC/NOx. ratios and initial conditions, examining
both one-day and two-day episodes.[2]

A third approach is to calculate the relative reactivity
of the compounds. Like incremental reactivities, relative
reactivities have been calculated using the ERMA model with
various detailed chemical mechanisms. The relative reactivity
method, however, assesses the effects on ozone formation caused
by substitution of the pure orgdanic compound or organic mixture
for a portion of the base surrogate mixture. The relative
reactivity method, therefore, may be used to assess substantial
changes in organic emissions. The relative reactivity method
ijs also capable of looking at the effects of substitution of a
mixture of organics. EPA in 1988 used this approach to
evaluate the ozone—forming potential of organic emissions from
methanol-fueled vehicles relative to typical NMHC from
gasoline-fueled vehicles. Relative reactivities for methanol
and formaldehyde were based on modeling results for a number of
cities.[4,5] Ford also used this approach  to calculate
relative reactivities for methanol and formaldehyde (relative
to NMHC), based on modeling results for 20 cities.[6] More
recently, Ford has calculated relative reactivities for a.
number of organic gases, including methanol, formaldehyde,
ethanol, and. acetaldehyde as a function of NMHC/NO«. ratios
for low and high dilution cases which is very useful in
comparing the reactivity of these compounds.(7)

The relative reactivities (relative to NMHC) calculated by
Ford for methanol, formaldehyde, ethanol, and acetaldehyde are
presented in Table 4-1. Relative reactivities at a NMHC/NO.
ratio of 8 were used since the ozone maximum occurs nearest
this ratio. The relative reactivity approach was selected for
this report above the other approaches for the following
reasons: 1) it is consistent with past EPA practice, .2) it can
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be used -to assess large changes in organic emissions, unlike
the incremental reactivity approach, and 3) it is not subject
to the many limitations of the hydroxyl rate constant approach
cited previously. It should be noted, however, that the
reactivities. of pure compounds calculated using the relative
react%vity and incremental reactivity approaches agree fairly
well.[7] : : , ' )

, In a recent paper, Ford has goné a step further and
calculated .the ozone-forming potential (both relative and
incremental reactivities) per carbon  of gasoline and
alternative-fueled vehicles.[8] Relative reactivities per mile
can be derived by multiplying the total carbon emissions per
mile by the relative reactivities per carbon. Wwhen this 1is
. done, it can be concluded that an E85 or E100 vehicle would

definitely provide .an ozone benefit when compared to &

gasoline-fueled vehicle. an E95 vehicle (the non-optimized
vehicle tested by CARB) appears to have roughly the same
ozone-forming potential as an optimized M85 vehicle. Based on
these results, an optimized E85 oOr ' E100 vehicle could
- potentially have the same ozone penefit as an optimized M85 or
M100 vehicle. ' ' l

I+ should be noted that the magnitude of the ozone impact
of an ethanol-fueled vehicle is difficult to quantify at this
time. Emissions data for a vehicle designed to run on ethanol
are needed, as well as modeling using. city-specific
conditions. Exhaust emission characteristics in particular are
as strong a function of vehicle design as of fuel type.

The ozone impéct of an ethanol-fueled vehicle will be.

dependent upon the atmosphere into which it is' introduced.
Factors such as the NMHC/NO. ratio will be important, perhaps
even more so than for methanol-fueled vehicles. Ethanol-fueled
vehicles emit ethanol and acetaldehyde. The ethanol reacts in
the _atmosphere to  form more acetaldehyde. Similarly.
methanol-fueled vehicles emit methanol and formaldehyde, and
the methanol Treacts in the atmosphere to form more
formaldehyde. At low and moderate NMHC/NO: ratios, Dboth
. formaldehyde and acetaldehyde exhibit high reactivity due to
their high reaction rates with OH radicals and photolysis to

form radicals. Formaldehyde photolyzes more ‘rapidly than
acetaldehyde. These factors become less important, and the
NO, removal characteristics become more important, as the
NMHC/NO. ratio increases.. Acetaldehyde has NO, sinks in
its photooxidation mechanism, Dbecause. it reacts to form
peroxyacetyl nitrate (PAN) . These NO« sinks cause’
acetaldehyde to have low reactivity at high NMHC/NO, ratios
(i.e.,  NO,  limiting conditions “which acetaldehyce
exacerbates). Formaldehyde's reactivity also decreases with

increasing NMHC/NO, ratios, . put is not as sensitive to the
NMHC/NO, ratio as acetaldehyde, because formaldehyde does not
have significant NO. sinks in its mechanism.[2] Similarly.

when - examining the relative reactivities of ethanol anc

methanol in  reference [7].,- ethanol is more reactive than
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methanol at the low and moderate NMHC/NO« ‘ratios (including
the ratio at which maximum ozone is formed) which reflects the
importance of ethanol's higher reaction rate with the hydroxyl
radical under these conditions. At higher NMHC/NO, ratios, .
ethanol appears less reactive than methanol due  to the
increased importance of the minor NO. sinks in ethanol's
photooxidation mechanism. : ’ :

As mentioned previously, acetaldehydé reacts ' in the

atmosphere to form PAN. A preliminary study of the effects of

enhanced acetaldehyde emissions from vehicles using ethanol and
ethanol blends on PAN concentrations in urban air has been
conducted in Rio de Janeiro, Brazil.[9] The authors conclude
that increased acetaldehyde. emissions from ethanol-fueled

-~ vehicles lead to an apparent 1lncrease in the formation rate for
- PAN, even in: the vicinity of large sources of NO anéd other

nitrogen oxides. A more recent study measured ambient levels
of acetaldehyde, formaldehyde, and acetone in three major urban
areas of Brazil.[10] Acetaldehyde concentrations in wurban
areas of Brazil are substantially higher than those measured
elsewhere. The authors conclude. that the most likely cause for
high ambient levels of acetaldehyde is the large scale use of
ethanol as a vehicle fuel in Brazil. '

, It is difficult to extrapolate these results to the U.S.
because the Brazilian experience is not representative of U.S.
conditions. For example, the vehicles in Brazil are not
equipped with catalysts, whereas most vehicles in the U.S. have
some form of catalyst. When properly‘operating,.catalysts are
very effective at decreasing unregulated emissions such as
acetaldehyde.[11,12] Other differences that . could
significantly alter the findings include climate, elevation,
population, vehicle age and age distribution of the fleet,
maintenance practices, driving habits, and 1local industrial
activity. In addition, a limitation of the studies appears to
be the lack of a good pre-ethanol acetaldehyde baseline in
Brazil. The studies can be used in a qualitative sense,

_however, as suggestive of potential PAN and acetaldehyde

increases withrthe use of ethanol fuel.
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4.2 Air Toxics

The emissions of air toxics from ethanol,fueied vehicles‘

. should be similar in composition to those of methanol fueled
vehicles. As indicated in_ Table 4 of Attachment 5 of the

Methanol Special Report [5], neat methanol (and thus neat .
ethanol) vehicles can probably be engineered to have only 10%

of the carcinogen emissions -as gasoline 'vehicles, 'assuming
successful commercialization of technology . currently being

tested in prototype vehicles. For FFV's the benefits would not

.be as great, but would be roughly similar to those given in
‘Table 4 of thevMethanolASpecial'Repo;t.

Relative to methanol, ethanol has the advantage of being
less toxic than methanol, and acetaldehyde (the prime aldehyde
emitted from ethanol fueled vehicles) is less carcinogenic than
formaldehyde (the prime aldehyde from methanol ~fueled

vehicles). As with-methanol, the emissions of some substances

will be closely related to the substances (such as gasoline,

denaturants, and flame visibility additives) which are also
present in the fuel. The projections for the. year 2005 assume

a gasoline composition the same as current. Significantly:

different gasoline compositions would be considered to be
reformulated gasoline, which is another'alternative fuel to be
covered in a separate report. S

4.2.1 Ethanol

Ethanol is not considered a toxic ‘pollutant .at levels
likely to be inhaled due 'to its use as a motor fuel. Acute
effects of exposure o ingested ethanol are less severe at
equal exposure levels than methanol, and it is reasonable that

inhaled exposure would behave similarly. Some studies have

suggested that ethanol has carcinogenic effects  when ingested.
{13] It is 1likely that the carcinogenic effects of inhaled

ethanol are negligible, ' since. inhalation exposures at the

concentrations. that could be reasonably expected would be

small; however, according to EPA's most commonly used, linear

- no-threshhold carcinogenicity model, even very low exposures of
' Qanyfcarcinogen are'a potential concern. - N , '
-* =" other. sources of possib

- production, transportation, -and handling. Based on the very

limited health data. available -for ethanol,. it can only be

stated qualitatively that the health effects from these sources
would be less than (or at worst, no greater than) from methanol.

or gasoline. S
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4.2 ',2 - Benzene

Benzene is projected to account for about 20% of the
carcinogenic emissions of gasoline vehicles in 2005.[14] While
it is theoretically possible for benzene to form from. ethanol
combustion, significant gquantities of it are not expected.

- Test data have indicated  some benzene from M100 and E95

vehicles [1], but these vehicles had also been operated on
‘gasoline which would ‘allow hydrocarbons  from ~the charcoal
‘canister to be purged and then form benzene during combustion

~in the engine. This would not- occur with a dedicated E100

vehicle. It is also possible that small amounts of benzene
could be generated when lub:icating oil burns.. . S c

. EPA cancer estimates include a minimal amount of exhaust -~
" benzene to account ' for its possible- formation. The 97%
reduction in benzene for methanol vehicles relative to gasoline.
 which was used in the methanol report will also be assumed for
" E100 vehicles. FFV's will emit ‘benzene in quantities which are
related to. the amount of aromatic hydrocarbons in the gasoline
and the amount of gasoline used. In ‘the case of E83, 'a

" reduction of 85% can be used as an approximation, although
arguments can be made for somewhat smaller reductions. L

'4.2.3  Aldehydes

Directly emitted and indirectly formed formaldehyde is
projected to account for about 8% of the carcinogenic emissions
from gasoline vehicles in 2005.[14]1 Ethanol fueled vehicles
are expected to emit formaldehyde at a rate roughly equal to or
slightly greater than a gasoline vehicle, although much less

 _than that of a similarly engineered methanol vehicle (whether

FFV or neat alcohol fueled). [1,15 = '79 SwRI blends reportl].
However, in the absence of a catalyst system optimized for
aldehyde. control, acetaldehyde emissions are expected to
increase substantially relative to a gasoline vehicle, as is
the .case .with formaldehyde from a methanol fueled vehicle.
Acetaldehyde has a much lower carcincgenic- ‘potency than
formaldehyde, so it is expected that the dominant effect in

' “:aldehyde  potency  -from --ethanol vehicles would -be " due to

" formaldehyde, and this is not--likely to ‘be much-'greater than - "
- that. from agasolinevehque G Tl L

 Acute nom-cancer effects possible from: aldehyde exposure

include -eye, nose, throat, and skin jrritation, . as well as.

 headaches and nausea. Again, acetaldehyde effects are expected
to be less. then formaldehyde, and ‘emission control measures

used for control of hydrocarbon compounds in ethanol- vehicle = .

exhaust would also _contro.l ‘aldehyde emissions.
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4.2.4 1,3-Butadiene

1,3-butadiene is projected to account for about 30% of the
carcinogenic -emissions of gasoline vehicles 1in 2005.[14]
Ethanol -combustion. is not expected to produce any significant
1,3-butadiene: FFV's though will emit 1,3-butadiene in the
exhaust hydrocarbon portion. ' : |

4.2.5. Other Air Toxics

Polycyclic Organic Matter (POM) emissions are projected to .
account for about 22% of the carcinogenic emissions of gasoline
vehicles in 2005.{14] Although no POM emission data from E100
vehicles exist, the combustion of very low ‘molecular weight
ethanol (or methanol. in the case of M100 vehicles) would not be
expected to form any substantial quantity of the much higher
molecular weight polycyclic organic compounds. To account for
- possible formation of small quantities, such as from the oil,
the 99% reduction in POM for methanol vehicles used in the.
methanol report has been assumed for E100 vehicles. In the
case of E85, a reduction of 85% can be used, since POM would
still be formed from the hydrocarbon portion of the fuel
(although as with benzene, a smaller reduction is possible)..

Gasoline refueling wvapors are projected to account for
about 17% of the carcinogenic emissions of gasoline vehicles in
2005.[14] No gasoline refueling vapors would be emitted with
use of 100% ethanol. In fact, the low vapor pressure of 100%
ethanol would result in very little ethanol emissions as well.
Gasoline refueling vapors would be emitted with FFV's to the
degree that gasoline is used in the fuel, adjusted for the much
greater volatility of gasoline than ethanol; i.e., gasoline
would comprise a gJreater percentage. of the vapor than the
liquid. . S B

Peroxyacetyl nitrate (PAN) is another pollutant associated
- with ethanol fuel use, as mentioned in the previous section on
ozone. Besides its role in ozcne formation, PAN is somewhat of .
an acute toxic compound in its own right. Given high enough
concentrations, it is- capable of producing eye - irritation,
blurred vision, and eye fatigue. However, the concentrations,
~at which effects have been found are much higher than - are
likely to occur _in the atmosphere, and ozone concentration

would be a problem well before PAN would reach irritant
levels.[16] - ‘ o ' o
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4.3 Global Warming

Carbon Dioxide (CO.) is one of the "greenhouse gases”
which means that it increases the tendency of the atmosphere to
absorb heat - radiated from the earth and thus increases the
average temperature of the atmosphere. Carbon dioxide is also
the end product of complete combustion of the carbon contained
in hydrocarbon fuels. In fact, the goal of decreased exhaust
emissions and increased fuel economy implies improvement of

combustion efficiency to maximize the conversion of fuel carbon

into CO,, thus minimizing the formation of incomplete
combustion products (such as carbon monoxide, benzene,
1,3-butadiene, POM, and other pollutants). Therefore, use of

any carbon containing fuel causes CO, addition to the
atmosphere, and the issue is how much of that carbon can then
be removed from the atmosphere and be ' reconverted into
feedstock for future fuel. With fossil fuels such as petroleum
products, the rate of CO. addition to the atmosphere is much
greater than the rate the earth can reabsorb it and convert it
into petroleum, limestone, etc. since that takes thousands of
years. However, with ethanol, to the degree that it is derived
from vegetation (i.e., trees or agricultural products) the
reabsorption of the carbon can be as fast as it is emitted,
resulting in no net increase in CO. in the atmosphere.

4.3.1 Impact of Ethanol from Corn

In the production of ethanol from corn, as is currently
done, there is still a fair amount of fossil fuel used.[17]
For instance, about 7.4 million BTU of petroleum and natural

'gas products are used for fertilizer, tractor and truck fuel,

and grain drying for one acre of corn. Also, coal is usually
used to provide process heat in the ethanol plant, and 1if the
ethanol plant does not cogenerate electricity., its consumption
of electricity increases the use of natural gas, coal, or oil
at an electric power plant (assuming it is not nuclear or
hydroelectric). .The following discussion provides a brief
analysis of  this net release of CO, from the use of corn
derived ethanol in vehicles as compared to that of gasoline.

As mentioned earlier in the economic analysis secticn

under distribution to consumers, an optimally designed vehicle

fueled with 100% ethanol could be expected to have about 87% cf
the mile per gallon fuel economy. compared to a gasoline-fueled
vehicle. A vehicle fueled with 85% ethanol could be expectec
to have a mile per gallon fuel economy about 72% that of 2
gasoline fueled vehicle. This means that one needs abcu:z
15-39% more ethanol on a volume basis than gasoline. A mi.
per gallon figure of 27.5 miles per gallon 1is wused ==
illustration since that is the Federal fuel economy stancar
for new cars in that time frame. '

{1 v 4D
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Use of this figure results >in the following amount
fuel being consumed for each mile of vehicle‘travel? s of

Fuel Consumption

Type of Fuel (gallons per mile)
Gasoline 0.0364
100% ethanol : 0.0418
85% ethanol 0.0505

There is controversy on the inputs used to calculate the
amount of energy needed and CO. released in production and
combustion of gasoline and ethanol.[18,19] A point of
particular debate is the energy needed in ethanol production,
which can vary by almost a factor of two depending on the
process used and especially on whether waste heat is recovered
for purposes such as cogeneration of electricity. A recent
draft EPA report examined the effects of fuel ethanol
production and use on carbon dioxide production  and
emissions.[20] This report used as input a number of non-EPA
reports.[21-23] '

Table 4-2 lists the draft EPA estimates of the amount of
CcO, from production and use of a gallon of gasoline and
ethanol. The biggest wvariable in these numbers 1is the CO.
emitted (from energy consumed) during ethanol production. The
typical range of energy needed for ethanol production is given
. in various studies as 40,000-60,000 BTU per gallon of ethanol,
not including the energy needed for byproduct drying. There
are competing estimates, but since expanded ethanol production
would be expected to use the Dbest available plant technology,
the lower number (40,000 BTU per gallon) should serve as a
reasonable average. = Combining this number with energy
efficiencies and other factors discussed in reference [20]
gives the 7.97 1b CO: per gallon shown in Table 4-2.

These figures and the gallons per mile numbers can be
combined to give the CO., emission estimates shown in Table
4-3 for the current gasoline vehicle scenario and an expanded
ethanol vehicle scenario. These numbers show lower total CO.
emissions in the ethanol vehicle case than in the gasoline
case. The impacts of land wuse changes on CO. were not
explored but are potentially important in a large program. For
example, drowing - corn oOr other crops in areas that were
forested could affect the overall CO. balance.
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Table 4-2

Carbon Dicxide Emiésions
from Fuel Production and Use

Pounds of CO, Per Gallon of Fuel

Source ' Ethanol? Gasoline
Gasoline production | 3.23
Gasoline combustion 19,27
Ethanol combustion (12.6]°
Corn farming- 4l58°
Ethanol)broduction 7.97¢
By-product drying 4.19
Credit for displaced
soybean production® (1.37-1.47)

TOTAL 15.27-15.37 - 22.50
a These are pér "actual gallon rather ‘than gasoline-
equivalent gallon. On a gasoline-equivalent basis the

ethanol numbers would be 15%-50% greater than shown,
depending on efficiency of the vehicle in which the
ethanol is used.

b CO, released from fermentation and ethanol combustion
comes from CO. captured through photosynthesis in
growing the corn crop and therefore is not counted in the
total; also the CO, released during fermentation is
assumed to be recovered and to displace CO. that wou.d
have been generated from incremental fossil fuel. This
CO, is not counted in the total. This number comes from
Reference [18]. :

c Includes tractor and equipment fuel, fertilizer, drain

drying, and other energy uses such as pesticides.

d Low end of current typical range is shown, corresponding
to large new energy efficient plants fueled with coal.

e Increased ethanol production from corn and increased
byproducts would decrease the soybean market. The credic
comes from the decrease in fossil fuel use for soybean
farming. See Reference 20 for details. ,
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Table 4-3

Net Carbon Dioxide Emissions
per Mile of Vehicle Travel®

CO, Emissions Reduction Relative

Type of Fuel _ (grams per mile) . to Gasoline
Gasoline . 371 - - (.
'100% ethanol 290-291 -21 to -22%
85% ethanol |  350-352 - -5% to -6%

This is total COq emissions per gallon from both fuel
production and combustion (minus the CO. reabsorbed into

echanol feedstock but no credit for commercial use of

fermentation CO.), divided by a gasoline-equivalent fuel
economy of 27.5 miles per gallon. New large energy
efficient ethanol plants are assumed, since this analysis
is for a greatly expanded ethanol program.
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4.3.2 Impact of Ethanol from Ceilulosic Biomass

. The energy balance for production of ethanol from
cellulosic materials is much better than for production from
corn, since the energy inputs needed for producing the
feedstock are much less. Also, an otherwise worthless portion .
of the feedstock can.be used for process energy, rather than
using coal. Potentially. all the energy needs for cellulosic
‘biomass . production and conversion could come from ~the
cellulosic material itself, although in the early stages of
commercialization this might not be the case. Even so, the
ratio of fossil carbon burned to carbon available for end use
has been estimated to be very low (e.g.. 0.0-0.21).[24] :

Regarding greenhouse effects, this means that the growing
of cellulosic feedstocks (trees and herbaceous crops) could
reabsorb a gquantity of carbon dioxide virtually equal to the
amount emitted in the producticon/use of ethanol produced from

these sources.







4,4 Agricultural Side Effects on the Environment

" With increases 1in ethanol production, the agricultural
side .effects on the environment must also -be considered. Some
of the issues to consider include the effect of the increased
- agriculture on surface and ground water (e.g., from changes in
water run-off patterns, £from increased amounts of fertilizer
and pesticide run-off), soil e:osion.Fand;wild.life. Also, the
effect of ~increased agriculture on forests (including rain
forests if increased crops are grown in the Tropics) has to be
evaluated. o . L o : . '

: A comprehensive treatment of jssues such as these is not
possible at this time. Much depends on the scale of ethanol
production, what gets displaced for increased farm 1land, the
crops used, and the various technologies used in farming. - One
can .envision a long term scenario- in which biomass crops are
grown in a manner that is gentler on the environment than
current. food crop cultivation. On the other hand, placing any
. preserntly uncultivated and unharvested jand into active biomass
production will inevitably have some effect on its ecology.
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4.5 Other Environmental and'Health/Safety Issues

4.5.1 Spill Issues

' Use of ethanol as a motor vehicle fuel would necessarily
involve more transport of neat or near-neat ethanol, and
consequently more opportunities for .accidental spills of  a
significant quantity. The modes of shipment would certainly

include barge, rail tank car, and tank truck. Transport by
multi-product pipeline, dedicated pipeline, and ' ocean-going

tanker are also possible, depending on the scale and location
of use and the source of supply. As with transport of gasoline
via these modes, accidental releases are inevitable over a long
enough period of use. Barge and tanker shipment pose a risk of
a- spill -into the open ocean, coastal waters, rivers, or the
Great Lakes. The other modes would more typically result in

spills onto land first, with possible run-off into surface

waters.

' If ethanol were involved in a spill into the ocean, into a

‘lake or river, onta land, or into drinking water supplies, the

question arises as _to whether a greater environmental and
public health hazard would be posed relative to a petroleum

fuel spill. The risk relative to . other clean fuels,

particularly methanol, 1is also of interest. - An ethanol fuel

. spill- into aquatic  systems or on land  indeed  poses

environmental and health concerns because of the fuel's toxic
effects in high concentrations, and  it. could be expected that
there would be a slightly larger number of spills (about 20%
"per vehicle") for a given mode of transport, because of the
larger gquantities of ethanol: fuel that would have to Dbe
transported. The modal pattern of ethanol transport could be
quite different than that of either petroleum or methanol fuel, -
with less reliance on ocean shipment. o

As a result of ethanol's inherent properties of . water.

solubility, biodegradability, and relative ease .of complete

‘evaporation., it - -could - quickly . dilute  to ' non-toxic

. -concentrations, disperse -downstream, . decompose if spilled into .
“77-large bodies of wate;i;;nd¢éVaporate‘orjdecompqgeaif'spilléd‘on

- land areas.  Thus, in many scenarios, an ethanol. spill .should.

.v?not,be{as*h&za;@éus;as;aupe;rcleum'spill.f - o

fﬁ;fcomparison>"t6 ‘petroleum* fuéls.':a. tanker spill of

ethanol . into the ocean should pose less risk to -aquatic. life.

- Ethanol's water “solubility allows for rapid. dispersion and

dilution and, therefore, short exposure . durations. Also,
ethanol's quicker,biodeqradatiOn‘than;thatsof‘crude oil, diesel

fuel, or gasoline results in shorter residence times of the

fuel and faster recolonization of life at 'spill sites, with

- less severe long-term effects of spills on animaltlifeﬁand on’
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. the environment. In generél, cleanup of ethanol spills
requires less extensive efforts and - costs than cleanups
associated with spills of water-insoluble petroleum fuels.

Small ethanol spills usually do not require any cleanup efforts '

'because of the effectiveness of natural biodegradation, while
large ethanol spills may require -aeration of the water (to
supply depleted oxygen to marine life and speed biodegradation)
and/or use of ethanol-destroying bacteria. . o ' ‘

Ethanol spills into rivers and other moving bodies of
water also benefit from the fuel's water solubility and
. biodegradation. Again, in contrast to petroleum fuels, ethanol
spilled into a river from, for example, a barge, is quickly
diluted and carried downstream. Cleanup of an ethanol fuel
spill into a moving body of water would be handled similarly t
that of a spill into the ocean. n :

Although, like petroleum fuels, ethanol in " high
concentrations is toxic to plant and animal 1life, its toxic
 effects after a spill onto land are of shorter duration and are
less acute than those exhibited by a petroleum fuel spill.
- Again, ethanol's inherent properties of relative ease of
complete evaporation and biodegradability play a positive
‘role. . Its more rapid evaporation from the earth allows for
less to be absorbed into the soil and water table. (It 1is
" important to note that while some of the lighter ends of
gasoline evaporate very gquickly, its heavy components require
long periods of time before evaporation occurs.) However, 1if
absorbed, ethanol's larger degree of biodegradability
facilitates decomposition by micro-organisms present in .the .
soil. Because of its shorter retention periods near a spill
" .site, cleanup of an ethanol spill on the earth requires' less
effort than that of a petroleum fuel spill. In the event of a
massive - spill, however, enhancement of  the natural
biodegradation process of ethanol may be beneficial.

Since ethanol's solubility in water and, hence, rapid
dilution and dispersion are considered advantages in spills’
_into large and/or quickly moving water masses, most ‘scenarios
where drinking water is at risk would be less. severe with -
ethanol than with petroleum. In some situations, however, such
as a river spill -located very near a drinking water supply
intake ethanol may indeed contaminate a water ~supply that would
have escaped contamination by petroleum fuel. However, ethano.
has a taste and odor that most adults can recognize and avoid.
With the possible exception of fetuses and pregnant women,
consumption of drinking water with low levels of ethanol should
- not be acutely toxic. : : .o ‘

Fuel ethanol will contain denaturant, and may be shipped

or stored mixed with gasoline. Consideration needs to be given
during the choice of a denaturant as to whether it remains
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detectable at any concentration that could be toxic. Gasoline
mixed with ethanol will tend to separate out when the mixture
reaches water. It is known that there is some greatec tendency
for aromatic hydrocarbons to mix into the water when methanol
is also present. This may also occur but perhaps to a lesser
degree with ethanol. studies on . the disposition of ethanol
spills very near drinking water supplies are not available, and
further study by EPA and other organizations would be useful.

. Most of the above discussion applies equally to ethanol
and methanol. Methanol would evaporate from an on-land spill
faster than ethanol. The relative toxicity of ~methanol and
ethanol to fish and other organisms at a given. dilution 1is
largely untested. One alcohol may prcduce. a somewhat larger
"xill = zone" before non-toxic dilution occurs. The most
significant difference between the two alcohols is likely to be
that humans can relatively safely consume ethanol if it finds
its way into a water supply. . :

4.5.2 Leak Issues

The previous section addressed the_potential consequences
of sudden releases of significant quantities of ethanol fuel.

' glower leaks and continucus releases of small quantities are

also of interest.

Because of the biodegradability of ethanol, smaller
routine releases in circumstances that allow for good dilution
should not present an environmental problem. For example,
transfer losses between ship and shore or flushing of cargo
tanks would at most encourage a higher 1local concentration of
ethanol-digesting bacteria. '

Leaks into underground water are a potentially greater

concern with all fuels because of the more restricted dilutioen

conditions that can exist. Also, while bacteria are present in
soil and underground water supplies, they are ‘sparser than in
the ocean and surface waters. Ethanol fuel would be most often
stored in underground - inks, creating the opportunity for both
relatively sudden loss of contents and for undetected leakage
over a period of time.

The first point to note with regard to leaks from
underground tanks 1is that industry practices in underground
fuel storage are changing drastically in response to recent
legislation. Double wall tanks, leak monitors, and periodic
leak testing will become standard practice for 'gasoline tanks. -
These technigques can be extended by regulation to other fuels
as judged necessary. :
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I1f a leak does occur, there will be several differences
petween the consequences ‘with ethanol compared to that with
petroleum fuels. Ethanol and petroleum fuels have different
hydrological effects in soils and may migrate downward at
different rates, providing more or less time for evaporation
instead. Once in contact with the water table, ethanol will
tend to mix and dilute more quickly than a petroleum fuel and
to biodegrade more quickly. (There may be a zone in which the
ethanol concentration is too high for biodegradation to
occur.) 1f ethanol reaches a drinking water well, there is
little health risk. Ethanol is not toxic and is detectable by
both odor and taste. . '

Methanol and ethanol would behave very similarly to each
. other in an underground spill, particularly in comparison to

their sharp differences from petroleum fuels. Methanol,
however, 1is toxic at concentrations that are of no concern for:
ethanol and is not detectable by taste or odor. Dyes or

odorants may be needed for methanol that can be omitted with
ethanol. ' o :

4.5.3 Fire Issues -

v . Ethanol, like all combustible fuels such as gasoline,
poses a potential human safety risk. Because of the
differences in the physical and chemical properties of ethanol
and gasoline, the human safety risks of neat ethanol are
‘dramatically different than those of gasoline. Based on what
is currently known, ethanol would appear to offer fire safety
benefits compared to gasoline. Further research is necessary
to identify those areas where precautions are needed.

With regard to fire safety of ethanol, there are two main
advantages and two main disadvantages. The advantages, along
with the possibility for mitigating the disadvantage, cause the
fire safety risks of ethanol to be lower than for gasoline.
Ethanol's low volatility, relatively high lower flammability
1imit*, and low vapor density cause it to be much less likely
to ignite in an open area following a spill of fuel or release
of vapor. In addition, once it does ignite, ethanol's low heat
of combustion and high heat of vaporization cause it to burn
much more slowly, releasing heat at roughly one-fifth the rate
of gasoline. However, these same combustion properties cause
ethanol to be in the fl1ammable range inside fuel storage tanks
under normal ambient temperatures (45-108° F), while gasolire
ig virtually always too rich to ignite. Fortunately.
precautions can be taken to prevent flammable vapor/air mixtures

* Ethanol will not ignite in air at concentrations below
about 3.3 percent while gasoline will ignite az
concentrations as low as 1.4 percent.
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from forming in storage tanks (e.g., nitrogen blanketing,
bladder tzaks, floating roof tanks) or to prevent ignition
. sources from entering the tanks (e.g.. flame arresters,
removing or modifying in-tank electrical devices) thereby

" mitigating any additional risk.

Also, while ethanol tends to burn with a much more visible
flame than methanol, flame visibility and radiation are less

_than that of gasoline.

4.5.4 Ingestion

: Two ingestion scenarios are of interest. First, neat or
near-neat ethanol fuel could be accidentally ingested, as
gasoline is sometimes now. Second, ethancl fuel could be
diluted for beverage purposes to avoid alcoholic beverage taxes
or age restrictions on purchasing alcoholic beverages.

‘ Most gasoline ingestion episodes are “due to adults

attempting to siphon gasoline from a vehicle, or children

drinking from small containers of gasoline. intended for use in
small household engines or for degreasing. . Ethanol-fueled

vehicles can be equipped with devices to prevent siphoning.
Ethanol fuel storage in homes should be rare, since household
engines will not run onh ethanol and ethanol would not be a good:
degreaser. Thus the incidence of ethanol fuel ingestion should

 be far less than for gasoline.

I£ it were to occur, ingestion of several ounces of pure
ethanol would not be harmful to most adults, but it would be of
concern for a child. In large enough quantities, even adults
_can = experience serious effects including death, but the
quantities involved are associated with alcohol abuse or
suicide attempts and are thus dgreater than would be expected
 from accidental ingestion.[25] 1In addition, ethanol fuel will
_contain a denaturant to segregate it from taxed beverage
ethanol. The denaturant may be toxic. Presently, chemical and
fuel ethanol may legally be denatured ‘with methanol. Methanol
is toxic, but has no taste or odor to discourage ingestion. It
will be important for the denaturant in fuel ethanol to have an

unpleasant taste and smell.

Despite the presence of the denaturant, fuel ethanol may

‘be deliberately or mistakenly added to beverages. Incidences
with methanol were common in the past in the U.S. and are still

reported in other countries. Bootleg beverages made with

ethanol fuel could be of health concern due to the presence of

. denaturants in the original fuel. Unsophisticated users may
not understand the risk posed by the denaturant or may

‘mistakenly believe they have removed or neutralized 1it. If
ethanol fuel is to be widely used, research to identify the

best denaturant should be undertaken. Again, unpleasantness

would be a better working principle than toxicity. :
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- Appendix B

Review Article on Ethanol from Non-Food Biomass -
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" CHEMICAL
- FEEDSTOCK

BLENDING FUEL

 1.DIRECT

2. INDIRECT |

. (ETBE)

. NEATFUEL

-

TABLE 1. END USES FOR ETHANOL |

>FUELVALLE %

17-25xCRUDEPRICE. 10

(~1.0 - 1.5 x GASOLINE)!

 08xGASOLINE a2

1 With crude oil at 14.71 S/barrel; (1988) the wholesale value of ethanol as an octane
enhancer is $9.5 to 87.5 cents/gal according to the OTA!C formula. This may be compared

from!3). .

w0 the 1988 average wholesale price of 57.7 cents/gal for gasoline (oil and gas prices =
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TABLE 4. KEY ISSUES FOR FUEL ETHANOL PRODUCTION FROM
LIGNOCELLULOSE T At

ENERGETICS OF THE LIGNOCELLULOSEVETHANOL FUEL CYCLE

FUEL CHARACTERISTICS
AIR POLLUTION AND OTHER ENVIRONMENTAL DMPACTS

IS THERE ENOUGH RAW MATERIAL TO MAKE A DIFFERENCE?

WHAT WILL IT COST?
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TABLE 7. ESTIMATED EMISSION REDUCTION POTENTIAL r‘on v

ALCOHOL FUELS IN LIGHT-DUTY VEHICLES!

CURRENT FFV) = 20-50% o 0
ADVANCED? Cgsosm  090% O

1 Data from the 16 for vehicles meeting current standards, and operated on . Presentacon

with reference to "alcohol fuels” is justfied because EPA "believes that the use of pure ethanoi as 3
. motor fuel would offer the same type of emission benefits as methanol” 38 ' .

2 Advanced technology refers 1 engines designed for alcohol fuels.
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“TABLES. ESTIVATED ETHANOL PRODUCTION POTENTIAL
T WASTE MATERIALSL
WASTE S:![E:‘-E» ‘En‘i NC _ ,‘ o
o - QUADS | "% TOTAL
 AGRICULTURAL T R 179
FORESRY 16 R &
CoMsw 06 s
omer o 10
TOTAL | _s.oi" o 100

| DATA ESTIMATED FROM SOURCES GIVING DATA FOR COLLECTIBLE WASTES

COMPILED BY LYND 3,

2 wmunmmmmNormorororumLmoon o
. CORRESPOND EXACTLY TOTHE % VALUES, BECAUSE OF ROUND-OFF-
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Millions of 1986 $

DOE Funding for Biomass-Related Research
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Material and Energy Flows for
~ Production and Utilization of
Fuel Alcohol from Biomass
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Appendix'c

Memo on Potential Ethanol Engine Efficiency
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MEMORANDUM

SUBJECT: Ethénol Fueled Vehicles - Experience to Date

FROM: Craig A. Harvey, Mechanical Engineer (/‘7 J. /fzwf
’ - /

Fropes e

Technical Support Staff v

oo o b oy

TO: Charles L. Gray, Jr., Director .
3 Emission Control Technology Digiiion

THRU: | Phil Lorang, Chief 2 » :
Technical Support Sta ~
Ve
Following is a list I recently compiled of sixteen neat

and near neat ethanol vehicle programs that have been conducted
or are now being conducted. These programs range from tests of
a single vehicle up- to the large in-use ethanol-fueled ZIle=t
rHat now makes up most of Brazil's motor vehicle population.
Each entry consists of a narrative summary of the vehicle( s}
involved in the program, -the fuel(s) wused, what sort of
measurements were done if any, a summary of results, and the
appropriate reference(s). '

| N

endiiina® 0 Coeaskens

-

1. Brazil: 1In-Use Fleet

Since 1983 90-95% of all passenger vehicle sales have been
dedicated neat ethanol vehicles. In 1985 alone, about half =z
million of these vehicles were sold. These vehicles have been
operated on hydrous ethanol with 0-5% gasoline (possibly more
gasoline recently due only to an ethanol shortage in Brazil).
They are equipped with a separate ‘gasoline tank £
automatically provide a small amount of gasoline for start-ud
only if the ambient temperature is below ~about 40°F. Tha
compression ratios are up around 12:1 to take advantage cs
ethanol's high octane (it is jaw that an ethanol vehicle mus:Z
achieve 75% of the fuel economy of the equivalent gasoline

. vehicle).

"Transportation Fuels Policy Issues and options: The Ca
of Fthanol Fuels in Brazil,” Sergio €. Trindade, present
‘at the conference on "Alternative Transportation Fuels -
the 1990's and Beyond," Asilomar, california, July 1988,
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"Brazilian Vehicle Calibration for Ethanol Fuels,” G E.
Chui, et al, Ford, Third International Symposium on
Alcohol Fuels, Asilomar, California, May 1979. ‘

"Phase Separation and Cold Start Devices for Neat Ethanol
vehicles, The Brazilian Experience,” letter from Plinio
Nastari, Ethanol Trade, S.A./SOPRAL, to Eric Vaughn,
Renewable Fuels Association, December 21, 1989.

(Additional Brazil program references are listed below)
2. Ford Brazil, 4th International Symposium |

Two Brazilian neat ethanol vehicles were tested for fuel
economy, performance, material compatibility, and durability.
One vehicle was a carbureted 1.6 L Corcel II, with a 12.0:1
compression ratio. The second was a carbureted 5.0 L Landau
- with an 11.0:1 compression ratio. ‘Both vehicles were equipped
" with a secondary gasoline low temperature cold-start system.

No emission measurements were done, but based on the fuel
economy testing it was concluded that, if fully optimized for
ethanol operation, ethanol vehicles have the potential to
achieve fuel economy 90-95% that of gasoline vehicles on a
straight miles per gallon basis (not gasoline equivalent mpg) .
Since the energy content of ethanol is only 2/3 that of
gasoline, this corresponds to an enerdy efficiency almost 30%
greater than comparable gasoline vehicles. :

"Aspects of the Design, Development and Production of
Ethanol Powered Passenger Car Engines,” F. B. P. Pinto, IV
International Symposium on Alcohol Fuels, May 21-23,
1984. . , | |

3. Brazil, SAE 850390, Szwarc/Branco

Eight Brazilian neat ethanol vehicles and six gasoline
vehicles were emission tested on the FIP (the gasoline
contained 5% ethanol). The ethanol vehicles averaged 1.98
g/mile HC (FiD), 23.1 g/mile CO, 2.08 g/mile NOx, and 233
mg/mile aldehydes. The gasoline vehicles averaged 6.29 g/mile
HC (FID),  67.1 g/mile CO, 1.83 g/mile NOx, and 47 mg/mile
aldehydes.  Total aldehydes were measured using the MBTH
procedure. These Brazilian vehicles were not equipped with any
sort of catalytic converter.

vautomotive Use of Alcohol in Brazil and ‘Air Pollution

Related Aspects," A. Szwarc and G.M. Branco, CETESB, SAZ

Paper 850390, 1985.

3
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4. oM Brazil, Baumgartl, 1984

Seven Brazilian ethanol vehicles were compared to their
gasoline fueled counterparts for fuel consumption and
emissions. These vehicles were all carbureted and had no
catalytic converter. The fuel consumption of  the ethanol
vehicles on a L/100km basis ranged from 19-40% greater than the
gasoline vehicles. Emissions were tested on a hot FTP driving
cycle. The ethanol vehicles averaged 3.9 g/mile HC (FID), 41.0
g/mile cO, 3.1 g/mile 'NOx, 146 mg/mile formaldehyde, and 519

.mg/mile acetaldehyde. The gasoline vehicles averaged 10.6

g/mile HC, 84.0 g/mile €O, and 4.1 g/mile NOx. No aldehyde

measurements were taken for the gasoline vehicles.

"Energy Produced by Liquid Fuels of Regenerative Sources

Taking as Model . the Brazilian Ethanol Program,” Paul
Baumgartl, General Motors do Brasil, presented at the
Hannover Fair "rechnologies  for - Objective . Energy

Utilization," April 1984.

s. VW Brazil, "A Study of Hydrocarbon Composition...", ‘8th
International Symposium. . o

Exhaust from a single Brazilian ethanol 1.8 L 1987 VW
Santana Quantum Wwas measured with a GC to determine the
fractions of various HC components. The vehicle was
carbureted, had a compression ratio of 12.3:1, and was fueled
with hydrous ethanol (93.2%). The total HC consisted of 9.1%
non-oxygenated HC, 2.8% acetaldehyde, and 88.1% unburned
ethanol. Methane comprised about 308 of the non-oxygenated
HC. on a g/km basis, the vehicle emitted 0.546 g/km
non-oxygenated HC. and 2.165 g/km acetaldehyde plus ethanol. ‘

“A Study of Hydrocarbon Composition Emitted by sﬁ:aight
Ethanol-Fueled Vehicles,” H. Joseph, - R. Siekmann, G.

‘Pischinger, sth International Symposium on Alcohol Fuels,
November 1988. : o :

6. VW Brazil, 2nd International Syﬁ?os@um.

A 1.6L carbureted gasoline" vehicle was modified in two
steps to run on neat ethanol. Effects on driveability, fuel

" economy, and durability were reported, but no emission

measurements were done. The first step retained the original

'7.2:1 compression ratio, but in step 2 it was raised to.11.1:1,

which yielded energy savings up to 30% over the base gsaoline
configuration. . , ' . -

“wThe Use of Ethano‘lx from Biomass ag an Alternative Fuel in
Brazil," H. Hertland, H. W. Czaschke, and N. Pinto, I:
In‘ce;national symposium on Alcohol Fuels, 1977.







7. Célifor_nia Enerqucdmissiron - Fleet 1

_ Four 1980 Ford Pintos were retrofitted to operate on neat
anhydrous ethanol denatured with 2-5% unleaded gasoline. For
comparison, four unmodified gasoline fueled Pintos (and four
Pintos modified for methanol use) were operated in the same
¢leet. All these vehicles had carburetors and 3-way catalyst

systems. Two of the ethanol vehicles had their compression

 ratio increased from 9:1 to 12:1.

The only emission results reported for these vehicles were

tofal aldehyde emissions (MBTH method) of 10-40 mg/mile, which
were described as being comparable to the gasoline vehicles.

~ "California's Alcochol Fleet Program, 1982 Progress Report
for Senate Bill . 620, California Energy Commission,
December .1982. (also see next reference with final
results from fleets 1 and 2) :

8. California Energy Cdmission - Fleet 2 7
Twenty fuel injected VW Rabbits  with 3-way catalyst

systems were optimized by a contractor (AES) in coordination
with VW to operate on neat ethanol denatured with 2-5% unleaded

gasoline. These compression ratio of these vehicles was .
increased to 12.5:1. Only one baseline gasoline vehicle was .

‘used in this fleet, along with nineteen methanol vehicles.

Eight of the twenty ethanol vehicles were tested for
emissions. Various configurations (e.g., EGR rates) were tried
in order to minimize NOx emissions. In the best NOX
configuration, emissions averaged 0.38 g/mile HC (total FID),
5.36 . g/mile CO, and 0.26 g/mile NOx. In other configurations
~ 8-vehicle average emissions ranged from 0.27-0.45 g/mile HC,
1.17-1.81 g/mile CO, and 0.36-0.33 g/mile NOx. Total aldehydes
ranged from 18-146 mg/mile by the MBTH method. o .

‘wcalifornia's Alcohol Fleet Test Program-Final Results,”’

F. J. Wiens, M. C. McCormack, R. J. Ermst, R. L. Morris;
and R. J. Nichols, VI International Symposium on Alcohol
Fuels, May 21-25, 1984. ' : :

9. Alcohol Eneréy Systems -— VW Ethanol Concept,Vehicles -

Two vehicles are mentioned in this study -— .a Rabbit
(mileage 200-1100) similar to those used in the above CEC Fleet
2, plus a VW Jetta. The Rabbit was equipped with a separate
gasoline cold temperature starting system, 12.5:1 compression

ratio, fuel injection and 3-way catalyst system. The mileage

‘on the Rabbit ranged from 200-1100 during this program, while
the Jetta had about 1500 miles on the odometer.

if







s-

oL Exhaust ‘emissions from the Rabbit were measured at 0.201

g/mile HC (FID), 0.94 g/mile CO, .and 0.37 g/mile NOx.

“Emissions from the -Jetta were 0.302 g/mile HC, 1.52 g/mile .CO,

. and 0.286 g/mile NOx. SHED evaporative emissions were measured
- from the Rabbit and found to be -less than 2.0 g/test . (FID)

despite the separate cold-start .gasoline system. o Co .

"Report on the ‘Rabbit Concept Vehicle for Neat Ethanol
"Operation," "submitted = to Alcohol Energy Systems

_ Incorporated by Volkswagen of America, Inc., pursuant to
"~ +he Contract of April, 1981. = R : .

Vel
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10. Santa Clara, '5&151§y73dwa£ds;’ 471:&7 Inte':natibnalc Symposium

 Five 1978 Ford Pintos were rectrofitted to operate on neat
~ethanol (denmaturant. formula CD-19, 100 parts ethanol, 4 parts
" methyl isobutyl Kketone, -1 .-part ‘hydrocarbon). ' These vehicles
were carbureted and were standardly equipped with an oxidation

catalyst and no EGR. An- electric manifold heater was added

carpuindeds

- operated for (or already had) about 10,000 miles each.

. One of these vehicles . underwent emission testing, and
- 4-test averages showed-0.71 g/mile HC (as carbon), 5.27 g/mile
€O, and 1.83 g/mile NOx. ~When operated on gasoline, a similar
‘(the same?) ‘car had-0.38 g/mile HC (as carbon), 2.06 g/mile CO,
and 5.55 g/mile NOx. .The ethanol vehicle was calibrated fairly

rich to help driveability..

A - "Emission- and Wear ‘Characteristics of an. Alcohol Fueled
: 7 Fleet Using ‘Feedback Carburetion and Three-Way Catalysts.,"”
. W. H. Baisley, C. F. - Edwards, IV International Symposium

it 1 Fuels, May 21-25, 1984. o : .

x5y wilitan Scheller

é

Chevrolet Impalas.equipped with 350
ine ynd- propane cold. starting systems were operated

ska. State ‘Patrol for over 20,000 °miles each. One
. ie! 1ad: a ‘compression ratio of 8.1:1 and was operated for
34,000 jl’é‘,s?_dr’x;;ne"at»"éthanol’;” while the other had a compression
ratio of 10.0:1 ‘and was operated on ethanol for about 21,000 -
“miles. - No further data was provided. - R

S i1,:_'39‘3[":,?‘T’.:lc;'c‘i:;';.{mfe:xi"'"c'f;i‘:'é“"''T':;';iiie.‘ ‘use of neat ethanol in two 1979
.- =..Nebraska  State- Patrol ‘vehicles, Dr.. William A. Scheller.
. uUniversity of Nebraska, 1981. e T

- -

.12. Nebraska - Dedicated E8S. vehicle, summer 1989
- A gasoline car was retrofitted to operate normally on
 E8s. ..This is the car driven by President Bush during his visic
to. Lincoln . Nebraska in June of 1989. Due to limited
availability of ES85 refueling facilities in the use area of the
vehicle, it was later re-configured to operate on gasolirne
instead of ethanol. =~ . - ; ‘ o -

L~

that~ allowed cold starts down to 32°F. These .vehicles were’
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" 13, Ford Canade

In June 1987 Ford delivered two Crown Victoria FFV's to
St. Lawrence Starch. to pe used with E85 in a long duration. ..
program_of at least 60,000 miles. Testing proved ccld start
capability with this fuel at -20°F "in under 5 seconds. These :
vehicles have a 9:1 compression ratio. for compatibility with

gasoline fueling if necessary.

. prior td:deliVerf;,'théSe' two vehicles’ 'pixfxsr‘anb.the»r' ‘similar

- FFV were testj.ed‘ by Ford on E8S. FTP . test results  showed - =

- 0.17-0.30 'g/mile HC (total FID), 0.58-0.72 g/mile CO, and =
© 0.53-0.68 g/mile NOx.. - S R

M "»Réseafrchlnémonst:at;ionf"’é:og:’am for Flexible Fuel Vehicle,
N ~:,,,‘~~Fqurth<fQ‘uarterly‘Reviev.,' Ford of Canada /- Ford Research,
- eneza, dsEr.
14, "The Development of Carburettor Syétemrs".";;’.‘ “ Gavin, “Refip;

~ Dryer, 4th International Symposium.

» A Toyota Corolla that. had been ‘retrofitted to be a
 dedicated M85 vehicle with a 10.6:1 compression ratio was
fueled with hydrous. ‘ethanol to test . for driveability and

performance compared = to methanol. . Due. to the lack of any
special cold start system, .the vehicle was started on M85 - and

‘No quantitative measurements were “reported, but it was
shown that the vehicle would operate satisfactorily on ethanol
“given +he above starting procedure.’ S :

... .inke Development of Carburettor Systems For The Use of -
' Ga
- ‘Aleohol

-.Alcohol  in

Spark Ignition Engines,” M.
v , S ian

lvin, R. Remp, F.

s, May

Fuel

Internationa

bureted 1976 rysler’ vehicle ¢ith- a 318 CID V-8 W
& compression ratio of 8.5:1. with EGR was tested on
e E or.-emissions with and without an oxidation catalyst.
A spec . fuel' induction’ system including more complete water

. jacketing: was used to -provide better fuel vaporization and a
‘more ‘cgn'si‘stenti,fue].:iait “ratio to all the: cylinders. . Fuels
- tested. were summer grade gasoline, methanol, and neat ethanol
.. denatured with 4.5% methanol/&.B%‘: ethyl ‘acetate/4.5% methyl
- 'iso-butyl . ketone. Each fuel was -tested with" the  catalyst
" installed at fuel:air equivalence ratios of 0.8 (lean), and 1.0
. -(stoichiometric). ‘Without the catalyst . a test-point at an. ‘
* equivalence- .ratio  -of 1.2 (rich) was . included.  The . same
-electronic spark timing ‘program was- used for all tests. - The
- focus of the ‘study was on_ evaluating the fuels under conditions
of  equal stoichiometry and - fuel preparation ~rather - than -
~attempting optimization for ‘any of the. fuels. e o
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. Emissions | measuréél" included total. aldehydés (by MBTH?),
unburned . fuel reported as FID measured carbon (adjusted . for

- differing mass per carbon and FID response for the- alcohols),

CO, and NOx. With the catalyst the results were 203 mg/mile -
aldehydes, 1.1 g/mile FID carbon, 9 g/mile CO, and 0.35 g/mile.

. NOx. - Without any catalyst there . were  600-1800 mg/mile

aldehydes, 2.0-5.5 g/mile FID carbon, 11-20 g/mile CO, and
0.5-0.8 g/mile NOx. ' o SR -

"Driving Cycle Comparisons of Energy Economies and =
Emissions from Alcohol and Gasoline Fueled Vehicles,"
Richard Bechtold and Barrett Pullman, III . International
Symposium on Alcohol Fuels, May 28-31, 1979. : :

16. South Dakota Corn Growers Association E85 Corsica

?A 1988 2.0 liter TBI Chevrolet Corsica was mcdifiéd to ‘rtxn

' on ethanol-gasoline mixtures ranging from straight gascline to

85% ethanol. Prior to modification the vehicle had 43,000
miles on the odometer, and approximately 3000 miles have been
added since the modification. - The modification consisted ©of
(a) installation of the Webster-Heise valve to improve fuel
vaporization, (b) reprcgramming the on-board computer, and (c)

"addition of an auxilliary 12 gallon fuel tank solely forxl

comparison tests. No fuel sensor (as used in current FFV's)

" was added. The conversion package cost $2,000, but a
- commercially produced package (without need for the auxilliary
tank) was estimated to cost about $300. - : o -

FTP and HFET (highway fuel economy test) data were

" collected at the Environmental Testing Corporation (ETC) . in
. Denver, and further data are being collected by the California @ |
_ RFA at the ACS -Laboratories in Ontario, California. The E85 -~

fuel being used consists of 85% pure ethanol and 15% unleaded

.. gasoline (RVP not reported). The Denver FTP data show base .
/. "gasoline ‘emissions of 0.19 g/mile HC (presumed 'to be total
- ""FID); 2.40 g/mile CO, and 8.11 g/mile NOx (NOTE:  NOx was
" measured prior to the ‘catalyst as. raw engine-out emissionsy.

The corresponding E85 emissions were :0.142 g/mile HC, 1.83
g/mile CO, and 7.87 g/mile NOx. CO. was also measured and.
decreased by about 4.6%, HFET emissions of HC and CO were much
lower than the FTP, and NOx emissions were greater, but all.
three pollutants had greater percentage reductions relative to
gasoline than.on the FTP. . o SRR '
Letter and attachments from Dan Iseminger, Administrator,
South Dakota Corn Utilization Council, to William Reilly.
Administrator, EPA, March 23, 1990. S IR

(End of list)













